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PREFACE 

There are many things which every engineer is assumed to 
know about piping, but the sources of such information are not 
always so readily available as to justify this assumption. In 
designing some pieces of work requiring the use of piping, the 
designer has often been under the necessity of searching through 
collections of catalogs, handbooks, and even fittings themselves, 
perhaps without finding the details desired. The inconvenience 
and loss of time resulting from the lack of a ready source of infor- 
mation regarding the use of pipe and its accessories would seem 
to justify the publication of a book devoted to it. 

This work is thus offered for the purpose of supplying in con- 
venient form information and data regarding piping, fittings, 
pipe joints, valves, piping drawings, and pipe fines and their 
accessories. It is hoped that the variety and extent of the tables, 
illustrations and formulae will be sufficient to make it of value 
to both engineers and students. The tables have been prepared 
with care, and are all uniform in arrangement, to facilitate their 
use. In the case of tables of sizes the names of the different com- 
panies have been given, which it is believed will add to their 
value. The illustrations have all been especially drawn for the 
book. A fist of books and references is given in Chapter XIX 
with a view to extending the usefulness of this work. 

Various authorities have been consulted, and no claim for 
orginality can be made for the substance of the information thus 
obtained, but it is hoped that the form of presentation will com- 
mend itself. 

The author wishes to express his appreciation of the complete 

and valuable responses with which his inquiries were met by the 

iii 
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companies and individuals mentioned in the text, and in par- 
ticular the services of Prof. Thomas E. French and Mr. W. J. 
Norris. 

Suggestions and criticisms will be welcomed by both publishers 
and author. 

CARL L. SVENSEN 

Columbus, Ohio. 

April 8, 1917 
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A HANDBOOK ON PIPING 

CHAPTER I 
PIPE 

Historical. — All branches of engineering involve the con- 
veying of fluids — gas, air, water, etc. For this purpose pipes 
made of various materials are used. Wood was probably one 
of the first piping materials, and a piece of early wood piping is 
shown in Fig. 1. Pipes made of hollow hemlock logs were used 
with the first waterworks constructed in America, at Boston, 
Massachusetts, in 1652. 

In tropical countries bamboo tubes are used for conveying 
water short distances and it is likely that the practice dates from 



Pig. 1. A Piece of Wood Piping. 


ancient times. Tubes made of pottery have been found in pre- 
historic ruins and lead pipes were in use as early as the first cen- 
tury A.D. Wrought iron tubes were first made for gun barrels. 
The method employed was to bend an iron plate to form a skelp. 
A smith then welded the edges of the red hot metal piecemeal 
by hammering over a rod. Machinery for welding tubes was 
patented in 1812 by an Englishman named Osborn. For convey- 
ing gas for lighting purposes old gun barrels were screwed together 
to form the first continous pipes. In 1824 James Russell filed a 
^^specification for an improvement in the manufacture of tubes 
for gas and other purposes,’^ by which the weld could be formed 
either with or without a mandrel, and the edges butted against 
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each other. The basis of the present process was invented by 
Cornelius Whitehouse in 1825. Between 1830 and 1834 the first 
butt-welding furnace in the United States was built by Morris, 
Tasker and Morris in Philadelphia. In 1849 Walworth & Nason 
built the Wanalancet Iron & Tube Works at Malden, Mass., of 
which Robert Briggs was construction engineer. Other early 
pipe mills were those of Griffith Brothers, Allison & Company, 
and Girard Tube Company, Philadelphia, and Seyfert, McManus 
& Company, Reading, Pa. 

Materials ordinarily used for pipe are clay, cement, cast iron, 
wrought iron or steel, steel plate, brass, copper, lead, lead fined 
and tin fined iron or steel. 

Wrought Iroa and Steel. — Wrought iron or steel piping is 
most generally used for conveying steam, gas, air, and water. 
Wrought iron pipe because of its expense has been largely dis- 
placed by steel pipe. Through custom the term Wrought 
Iron Pipe ” is often taken to refer to the Briggs Standard sizes 
rather than to the material of which the pipe is made, and so it is 
necessary to specify exactly what is wanted. “ Steel, wrought 
steel, and ^^wrought pipe,’^ are terms sometimes used and refer 
to welded pipe made of steel. If real wrought iron pipe made 
from puddled iron is required the terms “genuine wrought iron,” 
“guaranteed wrought iron,” or the manufacturer's brand or name 
should be used. There are differences of opinion as to the superi- 
ority of one over the other, especially in the matter of corrosion. 
Some people consider that the cinder which remains in the wrought 
iron breaks up the continuity of the metal and tends to impede 
corrosion. Many authorities hold that there is little or no dif- 
ference in the rust-resisting qualities of the two materials. Steel 
pipe has a higher tensile strength than wrought iron. In 1915 
approximately 90 per cent, of the wrought pipe was made of steel, 
a reversal of conditions of twenty years ago when wrought iron 
was mostly used. 

Briggs Standard. — Both wrought iron and steel pipe are made 
to the same standard of sizes. Standard pipe is known by its 
nominal inside diameter. This nominal diameter differs from 
the actual diameter by varying amounts as an inspection of 
Table 4 in Chapter II will show. It is necessary to guard against 
underweight pipe known as “merchant weight,” of which the 
reputable companies have given up the manufacture. This 
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varies from standard full weight pipe and is usually 5 to 10 per 
cent, thinner. It should be carefully avoided in work of any 
importance as the extra cost of maintenance will soon over- 
balance the small difference in first cost. Besides standard weight 
there is made extra strong and double extra strong pipe. The 
outside diameter remains the same, but the thickness is increased 
by decreasing the inside diameter. Fig. 2 shows sections of the 
three weights of pipe of the same nominal inside diameter. 
Above 125 pounds per square inch extra strong pipe should be 
used. Standard weight is sometimes used for pressures up to 200 



Fig. 2. Sections of f", Standard, Extra Heavy, and Double Extra Heavy 

Wrought Pipe. 


pounds per square inch, but this is not advisable. Double extra 
strong pipe is used for hydraulic work. 

Outside Diameter Pipe. — Above 12 inches in diameter pipe 
is known as 0. D. or outside diameter pipe. It is then specified 
by its outside diameter. The thickness varies with the diameter 
and the use for which it is required. For large sizes it is always 
advisable to specify the outside diameter and the thickness of 
the metal. Especially is this true if the pipe is to be threaded, 
as sufficient thickness must be allowed to maintain the strength 
of the pipe after cutting the threads. The thickness should not 
be less than fV inches. 

When used for water wrought iron or steel pipe may be gal- 
vanized, or otherwise treated to prevent corrosion and pitting. 

Manufacture of Steel Pipe. — The manufacture of steel pipe 
by the National Tube Company is described in one of their boolcs, 
from which the following is abstracted: 

Welded tubes and pipe are made either by the lap or butt- 
weld process. 

The lap-weld process consists of two operations, bending and 
welding. The plate, rolled to the necessary width and gage for 
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the size of pipe intended, is brought to a red heat in a suitable 
furnace, and then passed through a set of rolls which bevel the 
edges, so that when overlapped and welded the seain will be nea 
and smooth. It now passes immediately to the bending mac in 
where it takes roughly the cyhndrical shape of a pipe with the 
two edges overlapping. In this form it is again heated in another 
furnace, Fig. 3, and when brought to the welding temperature 
the bent skelp is pushed out of the furnace into the welding rolls. 



Fig. 3. Lap-Weld Furnace — Bent Plate ready to Charge. 


Fig. 4. Each of these rolls has a semi-circular groove forming a 
circular pass, corresponding to the size of pipe being made. A 
cast iron ball, or mandrel, held in position between the welding 
rolls by a stout bar, serves to support the inside of the pipe as 
it is carried through. This ‘ball’ or mandrel is shaped like a 
projectile and the pipe shdes over it on being drawn through the 
rolls. Thus every portion of the lapped edge is subjected to a 
compression between the ball on the inside and the rolls on the 
outside, which reduces the lap to the same thickness as the rest 
of the pipe, and welds the overlapping portions sohdly together. 

“ The pipe then enters similarly shaped rolls called the sizing 
rolls, which correct any irregularities in shape and give the exact 
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outside diameter required. Any variation in gage makes a pro- 
portional variation in the internal diameter. Finally the tube 
is passed through the straightening or cross rolls, consisting of 
two rolls set with their axes askew. The surfaces of these rolls 
are so curved that the tube is in contact with each for the whole 



Fig. 4. Welding Rolls for Lap-Weld,- Mandrel in Position. 


length of the roll, and is passed forward and rapidly rotated 
when the rolls are revolved. The tube is made practically straight 
by the cross rolls, and is also given a clean finish with a thin, 
firmly adhering scale. 

After this last operation the tube is rolled up an inclined cool- 
ing table, so that the metal will cool off slowly and uniformly 
without internal strain. When cool enough the rough ends are 
removed by cold saws or in a cutting-off machine, after which the 
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tube is ready for inspection and testing. In the case of threaded 
pipe the ends are threaded before testing. 

In the case of some sizes of double-extra-strong pipe (3-inch 
to 8-inch) made by the lap-weld process, two pipes are first made 
to such sizes as will telescope one within the other, the respective 
welds being placed opposite each other; these are then returned 
to the furnace, brought to the proper welding heat, and given 
a pass through the welding rolls. While a pipe made in this 
way is, in respect to its resistance to internal pressure, as strong 
or stronger than when made from one piece of skelp, it is not neces- 
sarily welded at aU points between the two tubular surfaces; 



Fig. 5. Drawing Butt-Weld Pipe. 


however, each piece is first thoroughly welded at the seam before 
telescoping. 

Skelp used in making butt-welded pipe comes from the rolling 
department of the steel mills with a specified length, width, and 
gage, according to the size pipe for which it is ordered. The 
edges are slightly beveled with the face of the skelp, so that the 
surface of the plate which is to become the inside of the pipe 
is not quite as wide as that which forms the outside; thus when 
the edges are brought together they meet squarely. 

“ The skelp for all butt-welded pipe is heated uniformly to the 
welding temperature. The strips of steel when properly heated 
are seized by their ends with tongs and drawn from the fur- 
naces through bell-shaped dies or 'bells, ^ as they are called, 
Fig. 5. The inside of these bells is so curved that the plate is 
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gradually formed in the shape of a tube, the edges being forced 
squarely together and welded. For some sizes the pipe is drawn 
through two bells consecutively at one heat, one bell being just 
behind the other, the second one being of a slightly smaller 
diameter than the first. 

The pipe is then run through sizing and cross rolls similar to 
those used in the lap-weld process, to secure the correct outside 
diameter and finish. 

The pull required to draw double-extra strong (hydrauKc) 
pipe by this process is so great, on account of the thickness of 
the skelp, that it is found necessary to weld a strong bar on the 
end of the skelp, thereby more evenly distributing the strain. 
With this bar the skelp is drawn through several bells of decreas- 



Fig. 6. CiiHt Iron Pipe — Fig. 7. Cast Iron Pipe — Bell and 

Flanged. Spigot. 


ing size, and is rehoat(Kl between draws until the seam is thor- 
oughly wcddcul. It is evident that the skelp is put to a severe 
test in this operation, and, unless the metal is sound and homo- 
geneous, tlu'. (nids an^ likely to b(^ })ulle(l off.’’ 

Cast Iron. — ■ ( -ast iron is commonly used for underground 
water pipe's, gas mains, and sanitation piping, and it may be 
used for any low ])r('ssur(^ work. Because of its uncertain nature 
it should not bc^ us(‘d for high pnvssures. (kist iron docs not cor- 
rode as rc'adily as wi'ought iron or steel pipe. It is cheap and 
easily shapcul. ('ast/ iron pi[)(' must be w(dl supported because of 
its great weight. Sup[)orts should be placed Irom ten to twelve 
feet apart. Cast iron ])ipe is made with either flanged ends. 
Fig. G, or l)(‘ll and spigot (mds, Fig. 7. For sanitation piping and 
underground work tlu^ Ix^ll and spigot end pipe is used. Ihere 
is a certain amount of fk^xibility with this form of joint which 
adapts it to variations in level. The joint is leaded and calked. 
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Flanged pipe is bolted together with gaskets between the flanges. 
This is the usual form when the pipe is above ground. 

Copper. — Copper pipe is expensive, and is used only where 
its flexibility makes it superior to other materials, such as on 
shipboard or for expansion bends, for small oil piping, and for 
stills and chemical work. At high temperature it becomes 
brittle. Copper pipe is sometimes wound with steel or copper 
wire under tension to increase its strength. The same result is 
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Pig. 8. Straight Riveted Steel Pipe. 


secured by using steel hoops at frequent spaces. Copper pipe may 
be made by brazing plates together (in which cases the joint is a 
source of weakness) or they may be soHd drawn in iron pipe sizes. 

Brass. — Brass pipe is safe and strong but is too expensive for 
general use. It is used for hot water where iron would corrode 
rapidly, generally in small sizes. Up to four inches diameter 
seamless drawn brass tubes come in twelve foot lengths in iron 
pipe sizes. Such pipe is called iron pipe size to distinguish it 
from thin brass tubing and plumbers^ brass pipe. 



Fig. 9. Spiral Riveted Steel Pipe. 


Lead. — Lead piping is used for water and waste pipes and 
for acid and various chemical solutions which would rapidly cor- 
rode iron pipe. It is made in sizes up to twelve inches diameter 
and of the thicknesses and quaUties of lead as given in Table 
14 in Chapter II. 

Pipe is also made of tin, of lead lined with tin, and of steel 
lined with lead for special purposes or conditions. 

Riveted Pipe. Large pipes may be made up of steel plates 
orming riveted steel pipe. They may be either straight riveted. 
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Fig. 8, or spiral riveted, Fig. 9. They may be joined by flanges 
of cast or pressed steel. These flanges are riveted to the ends 
of the pipe. The riveted ends are calked, and then the pipe is 
generally galvanized. Such pipe is largely used for low pressure 
work, as exhaust mains, drains, etc. The spiral riveted pipe 
has only one seam and consequently is stronger than the straight 
riveted pipe for the same diameter and thickness of plate. 

Strength of Materials. — Some average values for the proper- 
ties of various materials used for piping, valves, and fittings are 
given in the following tabulations. These values will be found 
to vary somewhat with different manufacturers, but the ulti- 
mate strength should not be much more than five per cent, lower. 


Material 

Ultimate 

Tensile 

Strength 

Elastic 

Limit 

Elongation 

Reduction 
in area 

Cast Iron 

23,000 




Semi Steel 

33,400 




Malleable Iron 

37,000 





[ 18,000 




Brass 

] to 

15,000 




[ 30,000 




Hard Metal Composi- 



15% 


tion 

33,000 

25,000 

in 2 inches 

10% 

Cast Steel 

65,000 

35,000 

25% 

35 % 




in 2 inches 


Monel Metal 

75,000 

36,000 

32% 

40% 




in 2 inches 


Crucible Steel 

80,000 




Wrought Iron 

40,000 




Soft Steel 

50,000 

30,000 

18% 

50% 




in 2 inches 


Lead Pipe 

1,650 





The following is the composition of two casting alloys of the 
U. S. Navy Bureau of Steam Engineering, 



Copper 

Tin 

Zinc 

Iron (Max.) 

Lead (Max.) 

Gun Bronze. . . 

87-89 % 

9-11 % 

1-3% 

.06% 

.2% 

Screw Pipe Fit- 
tings, Brass. 

77-80 % 

4% (Min.) 

13-19 % 

.1% 

3.0% 
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The gun bronze is suitable for all composition valves foi 
inches in diameter and above; expansion joints, flanged pi] 
fittings, gear wheels, bolts and nuts, miscellaneous brass casting 
all parts where strength is required of brass castings, or whe: 
subjected to salt water, and for all purposes where no oth.< 
alloy is specified. Composition valves; safety and relief, fee< 
check and stop, surface blow, drain, air and water cocks, mai 
stop, throttle reducing, sea, safety sluice, and manifolds at pump 
This gun bronze has an ultimate tensile strength (miniranrr 
of 30,000 pounds, yield point (minimum) of 15,000 pounds, an 
elongation in two inches (minimum) of 15 per cent. The brag 
listed is suitable for composition screwed fittings. This brag 
has an ultimate tensile strength (minimum) of about 40,00 
pounds, yield point (minimum) of about 20,000 pounds an 
elongation in two inches (minimum) of about 20 per cent. IST 
physical tests are specified however. 


CHAPTER II 

DIMENSIONS AND STRENGTH OF PIPE 


All kinds of pipe are now manufactured in standard sizes and 
thicknesses, so that it is not often necessary to figure them. Vari- 
ous formulae are here given for use where it is desirable to check 
sizes, to have pipe made to specifications, or for any other reason. 
The properties of materials are given in the tabulation at the end 
of Chapter 1. 

General Formula. — The general formula for cyhnders subject 
to internal pressure is obtained as follows: 


In Fig. 10, let d 
t 


I 

V 


f 


= inside diameter in inches. 

= thickness of cylinder wall in inches. 

= length of cylinder wall in inches. 

= internal fluid pressure in lbs. per sq. in. 

= stress induced in material in lbs. per sq. in. 



The pressure will be exerted at right angles to the surface. 
Considering a very small portion of the circumference, Fig. 11, 
the arc may be assumed equal to the chord, and the area about 
point C will be wl square inches. The pressure at C will then be 
pwL 
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Let a = angle COB 
Let 0 C = pressure at C = p w I 
The vertical component of 0 C will then be plw sin a 
Each point may be treated in the same manner, and the alge- 
braic sum of the upward pressures will equal the algebraic sum 
of the downward pressures. This will be a measure of the tend- 
ency to separate the cylinder at A and B and is equal to 

D plw sin a = pld 

Resisting this pressure is the metal at A and B, the strength 
of which is 2ltf, 

Equating this to the pressure gives 
pld = 2ltf 
2jf 
d 


V = 


( 1 ) 


or 


t = 


pd 

~2f 


.( 2 ) 


This formula may be used for wrought iron or steel, assuming 
a proper factor of safety. For cast iron it does not give practical 
thicknesses, and a constant is generally added. 

Formulae for Cast Iron. — Several formulae are here given 
for cast iron pipe. The formula for pressures above 100 pounds 
per square inch is 


t = 


yd 

4000 2 


(3) 


Another common formula is 
f _ pd 

2000 


(4) 


The American Society of Mechanical Engineers^ formula for 
cast iron pipe is 

+ 1.2 (5) 

in which / = 1800 

Fanning’s formula for cast iron water pipe is 

f = 0.00006 (h + 230) d + 0.333 - 0.0033d. ... (6) 
in which h = head in feet 
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Francis^ formula for cast iron water pipe is 

t = 0.000058 hd + 0.0152d + 0.312 (7) 


Cast Iron Cylinder Tests. — In the A. S. M. E. Trans. Vol. 19, 
page 597, Prof. C. H. Benjamin gives the results of some tests of 
cast iron cylinders made at Case School of Applied Science. 
The cylinders were 10 1/8 inches in diameter, 20 inches long, 3/4 
inches thick and had covers bolted on the ends. Water pressure 


was used. 




Cylinder 1 

2 

3 4 

Average 

Bursting pressure. . . 1350 

1400 

1350 1200 

1350 

vd 

Unit stress f = — = 9040 

10200 

9735 9080 

9500 

Cast Iron Hub and Spigot Pipe. — 

- The dimensions of hub and 

spigot pipe given in 

Tables 1 and 

2 are from the 

Standard 



Specifications for Cast Iron Pipe’^ of the American Society for 
Testing Materials, which give complete information as to ma- 
terials, allowable variation in weight, methods of inspection, 
testing, etc. The hydrostatic tests for various classes of pipe 
are given as follows: 


Class A Pipe 
Class B Pipe 
Class C Pipe 
Class D Pipe 


20-Inch Diameter 
and Larger 
Pounds per Sq. In. 

150 

200 

250 

300 


Less than 20-Inch 
Diameter 

Pounds per Sq. In. 

300 

300 

300 

300 


TABLE 1 (Fig. 12) 

Cast Iron Hub and Spigot Pipe 

Weights are for Twelve Feet Laying Lengths and Standard Sockets 
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TABLE 2 (Fig. 12) 

Cast Iron Hub and Spigot Pipe 


Nominal 

Diam. 

Inches 

Classes 

Actual 

Outside 

Diam. 

Inches 

Diam. of Sockets [ 

Depth of Sockets j 

A 

B 

C 

Pipe 

Inches 

Special 

Castings 

Inches 

Pipe 
Inches ' 

Special 

Castings 

Inches 

4 

A — B 

4.80 

5.60 

5.70 

3.50 

4.00 

1.5 

1.30 

.65 

4 

C — D 

5.00 

5.80 

5.70 

3.50 

4.00 

1.5 

1.30 

.65 

6 

A— -B 

6.90 

7.70 

7.80 

3.50 

4.00 

1.5 

1.40 

.70 

6 

C— -D 

7.10 

7.90 

7.80 

3,50 

4.00 

1.5 

1.40 

.70 

8 


9.05 

9.85 

10.00 

4.00 

4.00 

1.5 

1.50 

.75 

8 

C — D 

9.30 

10.10 

10.00 

4.00 

4.00 

1.5 

1.50 

.75 

10 

A — B 

11.10 

11.90 

12.10 

4.00 

4.00 

1.5 

1.50 

.75 

10 

C — D 

11.40 

12.20 

12.10 

4.00 

4.00 

1.5 

1.60 

.80 

12 

A — B 

13.20 

14.00 

14.20 

4.00 

4.00 

1.5 

1.60 

.80 

12 

C — D 

13.50 

14.30 

14.20 

4.00 

4.00 

1,5 

1.70 

.85 

14 

A — B 

15.30 

16.10 

16.10 

4.00 

4.00 

1.5 

1.70 

.85 

14 

C — D 

15.65 

16.45 

16.45 

4.00 

4.00 

1.5 

1.80 

.90 

16 

A — B 

17.40 

18.40 

18.40 

4.00 

4.00 

1.75 

1.80 

.90 

16 

C — 

17.80 

18.80 

18.80 

4.00 

4.00 

1.75 

1.90 

1.00 

18 

A — B 

19.50 

20.50 

20.50 

4.00 

4.00 

1.75 

1.90 

.95 

18 

C — D 

19.92 

20.92 

20.92 

4.00 

4.00 

1.75 

2.10 

1.05 

20 

A — B 

21.60 

22.60 

22.60 

4.00 

4.00 

1.75 

2.00 

1.00 

20 

C — D 

22.06 

23.06 

23.06 

4.00 

4.00 

1.75 

2.30 

1.15 

24 

A — B 

25.80 

26.80 

26.80 

4.00 

4.00 

2.00 

2.10 

1.05 

24 

C — D 

26.32 

27.32 

27.32 

4.00 

4.00 

2.00 

2.50 

1.25 

30 

A 

31.74 

32.74 

32.74 

4.50 

4.50 

2.00 

2.50 

1.15 

30 

B 

32.00 

33.00 

33.00 

4.50 

4.50 

2.00 

2.30 

1.15 

30 

C 

32.40 

33.40 

33.40 

4.50 

4.50 

2.00 

2.60 

1.32 

30 

D 

32.74 

33.74 

33.74 

4.50 

4.50 

2.00 

3.00 

1.50 

36 

A 

37.96 

38.96 

38.96 

4.50 

4.50 

2.00 

2.50 

1.25 

36 

B 

38.30 

39.30 

39.30 

4.50 

4.50 

2.00 

2.80 

1.40 

36 

C 

38.70 

39.70 

39.70 

4.50 

4.50 

2.00 

3.10 

1.60 

36 

D 

39.16 

40.16 

40.16 

4.50 

4.50 

2.00 

3.40 

1.80 

42 

A 

44.20 

45.20 

45.20 

5.00 

5.00 

2.00 

2.80 

1.40 

42 

B 

44.50 

45.50 

45.50 

5.00 

5.00 

2.00 

3.00 

1.50 

42 

C 

45.10 

46.10 

46.10 

5.00 

5.00 

2.00 

3.40 

1.75 

42 

D 

45.58 

46.58 

46.58 

5.00 

5.00 

2.00 

3.80 

1.95 

48 

A 

50.50 

51.50 

51.50 

5.00 

5.00 

2.00 

3.00 

1.50 

48 

B 

50.80 

51.80 

51.80 

5.00 

5.00 

2.00 

3.30 

1.65 

48 

C 

51.40 

52.40 

52.40 

5.00 

5.00 

2.00 

3.80 

1.95 

48 

D 

51.98 

52.98 

52.98 

5.00 

5.00 

2.00 

4.20 

2.20 

54 

A 

56.66 

57.66 

57.66 

5.50 

5.50 

2.25 

3.20 

1.60 

54 

B 

57.10 

58.10 

58.10 

5.50 

5.50 

2.25 

3.60 

1.80 

54 

C 

57.80 

58.80 

58.80 

5.50 

5.50 

2.25 

4.00 

2.15 

54 

D 

58.40 

59.40 

59.40 

5.50 

5.50 

2.25 

4.40 

2.45 

60 

A 

62.80 

63.80 

63.80 

5.50 

5.50 

2.25 

3.40 

1.70 

60 

B 

63.40 

64.40 

64.40 

5.50 

5.50 

2.25 

3.70 

1.90 

60 

C 

64.20 

65.20 

65.20 

5.50 

5.50 

2.25 

4.20 

2.25 

60 

D 

, 64.82 

65.82 

65.82 

5.50 

5.50 

2.25 

4.70 

2.60 
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Plain Cast Iron Pipe. — For flanged cast iron pipe the weight 
of the flanges must be added to the weight of the plain pipe. 
The weight of two flanges is equal to the weight of one foot of 
pipe. Table 3 gives the approximate weight per foot of length 
for cast iron pipe of various thicknesses. 


TABLE 3 

Weight in Pounds peb Foot op Plain Cast Ieon Pipe 



Thickness of Metal in Inches 

.2 0 






Vs 

1 


IM 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

2 

5.52 

8.74 

12.27 

16.11 

20.25 

24.70 

29.45 

34.52 

39,88 


6.75 

10.58 

14.73 

19.18 

23.95 

28.99 

34.36 

40.04 

46.02 

3 

7.93 

12.43 

17.18 

22.24 

27.61 

32.29 

39.27 

45.56 

52.16 

3y2 

9.20 

14.27 

19.64 

25.31 

31.29 

37.58 

44.18 

51.08 

58.29 

4 

10.43 

16.11 

22.09 

28.38 

34.98 

41.88 

49.09 

56.60 

64.43 


11.66 

17.95 

24.54 

31.45 

38.66 

46.18 

54.00 

62.13 

70.56 

5 

12.89 

19.79 

27.00 

34.52 

42.34 

50.47 

58.91 

67.65 

76.70 

sy 

14.11 

21,63 

29.45 

37.58 

46.02 

54.76 

63.81 

73.17 

82.84 

6 

15.34 

23.47 

31.91 

40.65 

49.70 

59.06 

68.72 

78.69 

88.97 

7 

17.79 

27,15 

36.82 

, 46.79 

57.06 

67.65 

78.54 

89.74 

101.24 

8 

20.25 

30.83 

41.72 

52.92 

64.43 

76.24 

88.36 

100.78 

113.52 

9 

22.70 

34.52 

46.63 

59.06 

71.79 

84.83 

98.18 

111.83 

125.79 

10 

25.16 

38.20 

51.54 

65.19 

79.15 

93.42 

107.99 

122.87 

138.06 

11 

27.61 

41.88 

56.45 

71.33 

86.52 

102.01 

117.81 

133.92 

150.33 

12 

30.07 

46.56 

61.36 

77.47 

93.88 

110.60 

127.63 

144.96 

162.60 

13 

32.52 

49.24 

66.27 

83.60 

101.24 

119.19 

137.45 

156.01 

174.87 

14 

34.98 

52.92 

71.18 

89.74 

108.61 

127.78 

147.26 

167.05 

187.15 

15 


56.60 

76.09 

95.87 

115.97 

136.37 

157.08 

178.10 

199.42 

16 


60.29 

80.99 

102.01 

123.33 

144.96 

166.90 

189.14 

211.69 

18 


67.65 

90.81 

114.28 

138.06 

162.14 

186.53 

211.23 

236.23 

20 



100.63 

126.55 

152.79 

179.32 

206.17 

233.32 

260.78 

22 



110.45 

138.83 

167.51 

196.50 

225.80 

255.41 

285.32 

24 



120.26 

151.10 

182.24 

213.68 

245.44 

277.50 

309.87 


Briggs Standard Dimensions. — Wrought iron and steel pipe 
as used for steam, gas, air, and water is known as the Briggs 
Standard, the dimensions of which have been established as noted 
in Chapter I. The sizes and information are given in Tables 4, 5, 
and 6 for standard weighty extra strong, and double extra strong 
pipe. 



Standard Wrought Iron or Steel Pipe 
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TABLE 5 

Extea Steong Weought Pipe 


Nominal 

Size 

External 

Diameter 

Inches 

Internal 

Diameter 

Inches 

Thick- 

ness 

Inches 

1 

Weight 
per Foot 
Plain Ends 
Pounds 

1 

Internal 

Area 

Sq. Inches 

Length of Pipe per 
Square Foot of 

External 

Surface 

Feet 

Internal 

Surface 

Feet 

Vs 

.405 

.215 

.095 

.314 

.036 

9.431 

17.766 

H 

.540 

.302 

.119 

.535 

.072 

7.073 

12.648 

Vs 

.675 

.423 

.126 

.738 

.141 

5.658 

9.030 

V2 

.840 

.546 

.147 

1.087 

.234 

4.547 

6.995 

H 

1.050 

.742 

.154 

1.473 

.433 

3.637 

5.147 

1 

1.315 

.957 

.179 

2.171 

.719 

2.904 

3.991 

IM 

1.660 

1.278 

.191 

2.996 

1.283 

2.301 

2.988 


1.900 

1.500 

.200 

3.631 

1.767 

2.010 

2.546 

2 

2.375 

1.939 

.218 

5.022 

2.953 

1.608 

1.969 

2K 

2.875 

2.323 

.276 

7.661 

4.238 

1.328 

1.644 

3 

3.500 

2.900 

.300 

10.252 

6.605 

1.091 

1.317 

CO 

4.000 

3.364 

.318 

12.505 

8.888 

.954 

1.135 

4 

4.500 

3.826 

.337 

14.983 

11.497 

.848 

.998 

'iVz 

5.000 

4.290 

.355 

17.611 

14.455 

.763 

.890 

5 

5.563 

4.813 

.375 

20.778 

18.194 

.686 

.793 

6 

6. G 25 

5.761 

.432 

28.573 

26.067 

.576 

.663 

7 

7.025 

6.625 

.500 

38.048 

84.472 

.500 

.576 

8 

8.625 

7.625 

.500 

43.388 

45.663 

.442 

.500 

9 

9.625 

8.625 

.500 

48.728 

58.426 

.396 

.442 

10 

10.750 

9.750 

.500 

54.735 

74.662 

.355 

.391 

11 

11.750 

10.750 

.500 

60.075 

90.763 

.325 

.355 

12 

12.750 

11.750 

.500 

65.415 

108.434 

.299 

.325 


As stated in Chapter I, pipe above 12 inches is called 0. D. 
pipe because it is known by its actual outside diameter. The 
inside dianuiter changes with the variation in thickness. In- 
formation concerning O. D. pipe is given in Talde 7. 

Pipe is sold in random lengths which are 18 to 21 feet for stand- 
ard, and 12 to 22 feet for extra strong and for double extra strong 
pipe. Theses lengths have recently been doubled and pipe is 
now made in lengths from 35 to 42 feet. Ordinarily standard 
pipe is thre^aded and supplied with couplings, while extra and 
double extra pipe have plain ends. 

Bursting Pressures of Pipe. — From an investigation and com- 
parison of five formulae, Reid T. Stewart in a paper in A. S. M. E. 
Trans. Vol. 34 concludes that for all ordinary calculations per- 
taining to the bursting strength of commercial tubes, pipes, and 
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cylinders, Barlow^s formula is to be preferred. This formula 
assumes that because of the elasticity of the material, the different 
circumferential fibres will have their diameters increased in such 

TABLE 6 


Double Extea Strong Wrought Pipe 


Nominal 

Size 

External 

Diameter 

Inches 

Approxi- 

mate 

Internal 

Diameter 

Inches 

Thick- 

ness 

Inches 

Weight 
per Foot 
Plain Ends 
Pounds 

Internal 

Area 

Sq. Inches 

Length of Pipe per 
Square Foot of 

External I Internal 
Surface | Surface 


.840 

.252 

.294 

1.714 

.050 

4.5^/ 



1.050 

.434 

.308 

2.440 

.148 

3.637 


1 

1.315 

.599 

.358 

3.659 

.282 

2.904 


IK 

1.660 

.896 

.382 

5.214 

.630 

2.301 


IK 

1.900 

1.100 

.400 

6.408 

.950 

2.010 


2 

2.375 

1.503 

.436 

9.029 

1.774 

1.608 



2.875 

1.771 

.552 

13.695 

2.464 

1.328 


3 

3.500 

2.300 

.600 

18.583 

4.155 

1.091 

l.buu 

m 

4.000 

2.728 

.636 

22.850 

5.845 

.954 

1.400 

4 

4.500 

3.152 

.674 

27.541 

7.803 

.848 

1.211 

4K 

5.000 

3.580 

.710 

32.530 

10.066 

.763 

1.066 

5 

5.563 

4.063 

.750 

38.552 

12.966 

.686 

.940 

6 

6.625 

4.897 

.864 

53.160 

18.835 

.576 

.780 

7 

7.625 

5.875 

.875 

63.079 

27.109 

.500 

.650 

S 

8.625 

6.875 

.875 

72.424 

37.122 

.442 

.555 


TABLE 7 

Weight of Outside Diameter Wrought Pipe 


Outside 


Weight in Pounds per Foot 


jjvamerer 
of Pipe 
Inches 

V 4 Inch 
Thick 

A Inch 
Thick 

3/8 Inch 
Thick 

{n Inch 
Thick j 

1/2 Inch 
Thick 

Inch 

Thick 

s/s Inch 
Thick 

V-* Inch 
Thick 

1 Inch 
Thick 

14 

36.71 

45.68 

54.57 

63.37 

72.10 

80.73 

89.28 

106.13 

138.84 

15 

39.38 

49.02 

58.57 

68.04 

77.43 

86.73 

95.95 

114.14 

149.52 

16 

42.05 

52.36 

62.58 

72.72 

82.77 

92.74 

102.63 

122.15 

160.20 

17 

44.72 

55.69 

66.58 

77.39 

88.11 

98.75 

109.30 

130.16 

170.88 

IS 

47.39 

59.03 

70.59 

82.06 

93.45 

104.76 

115.98 

138.17 

181.56 

20 

57.00 

65.71 

78.60 

91.41 

104.13 

116.77 

129.33 

154.19 

202.92 

21 

59.20 

69.04 

82.60 

96.08 

109.47 

122.78 

136.00 

162.20 


22 

62.60 

72.38 

86.61 

100.75 

114.81 

' 128.79 

142.68 

170.21 


24 

68.00 

85.00 

94.62 

110.10 

125.49 

140.80 

156.03 

186.23 


26 

74.00 

93.00 

102.63 

119.44 

136.17 

152.82 

169.38 

202.25 


28 

80.00 

100.00 

120.00 

128.79 

146.85 

164.83 

182.73 

218.27 


30 

85.00 

107.00 

128.00 

138.13 

157.53 

176.85 

196.08 

234.30 
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pressure As^nelft.*^ “ unaltered by the internal fluid 

sent the result i;:^:^llT 




■(S) 


D - outside diameter in inches. 
t = nominal or average thickness of waU in inches. 

P ^ mternal fluid pressure in pounds per square inch. 
J nbre stress in pounds per square inch. 
n = safety factor based on ultimate strength. 


_ 40000 

J ^ for butt-welded steel pipe 


50000 

^ for lap-welded steel pipe 


. _ 60000 

^ ~ for seamless steel tubes 
. _ 28000 , 

■’ ~ for wrought iron pipe 


on con^Jckl Miera^d'^nk^ ^ number of tests 

National Tube Company, whil ZeZ fXlg 'vaTuJ: 
Butt-welded steel pipe 

Butt-welded wrought iroa pipe 291 6S 

Lap-welded Steel pipe ^9168 

Lap-welded wrought iron pipe'. ' ’ ’ ' ' ' ' ' ' ' ' ' ' ' ’ ’ 

'“Si? 

of bulrlTSL'l iP the manufacture 

such strengthening of the wel?that l ■“ 

of fee. preeem-es wUcrar.ple7te 
Tub. Company tee. preseum tell„™^‘ 



DIMENSIONS AND STRENGTH OF PIPE 


21 


Standard Pipe 

Nominal Size Method of Manufacture Test Pressure 


^ inch to 2 inches (inclusive) 

Butt- weld 

700 pounds 

23^ inches and 3 inches 

u 

n 

800 “ 

Up to 8 inches 

Lap-weld 

1000 “ 

9 and 10 inches 


Cl 

900 

11 and 12 inches 

({ 

Cl 

800 

13 and 14 inches 

tt 

Cl 

700 

15 inch 

Cl 

Cl 

600 



Fig. 13, Diagram Showing Bursting Strength of Wrought Iron and 
Steel Pipe. 


Extra Strong Pipe 


Nominal Size Method of Manufacture Test Pressure 


inch to 1 inch (inclusive) 


700 

pounds 

134 inches to 3 inches (inclusive) 

Cl u 

1500 


13^ and 2 inches 

Lap-weld 

2500 

11 

23^ to 4 inches (inclusive) 

a It 

2000 

it 

43^ to 6 inches (inclusive) 

it Cl 

1800 

tt 

7 inches to 9 inches (inclusive) 

Cl Cl 

1500 


10 inches 

IC Cl 

1200 

Cl 

11 and 12 inches 

Cl It 

1100 

Cl 

13 inches to 15 inches (inclusive) 

Cl Cl 

1000 

Cl 
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Double Extra Strong Pipe 


Nominal Size Method of Manufacture Test Pressure 


inch to 1 inch (inclusive) Butt-weld 

1 ) 4 . inches to 214 inches (inclusive) “ 

1}4 inches to 3 inches (inclusive) Lap-weld 

^}4 inches and 4 inches 

4J4 inches to 8 inches (inclusive) 


700 pounds 
2200 
3000 
2500 
2000 


English Pipe. — English standard wrought pipe differs slightly 
from the Briggs Standard. The ruling dimension is the external 
diameter, but the sizes are designated by the nominal internal 
diameter. These nominal sizes were mainly established in the 
English Tube trade between 1820 and 1840. Tables 18 and 19, 
Chapter III, give the dimensions of English pipe. The British 
Board of Trade rule for lap welded wrought iron pipe when the 
thickness is greater than J inch is 


in which 


'pd 

6 ^ 


( 9 ) 


t = thickness in inches. 
p = pressure in pounds per square inch. 
d = diameter in inches. 


Riveted Pipe. — For spiral riveted steel pipe the following 
formula may be used. 

pd 


t = 


2fe' 


.( 10 ) 


in which e = efficiency of riveted joint in per cent. 

The dimensions and weight of Root spiral riveted pipe, made 
by Abendroth & Root, as given in Table 8, are for piping to be 
used for conveying water, oil, gas, exhaust steam, compressed 
air, etc. Spiral riveted pipe is two-thirds stronger and is more 
rigid than straight seam pipe of equal weight. This great rigidity 
is due to the absence of seams having a tendency to weaken the 
pipe, there being but one continuous helical seam from one end 
to the other, and this forms a stiffening rib. When spiral riveted 
pipe has been tested to destruction, fracture has always occurred 
toward the center of the strip rather than at the seam. 

For underground water work systems and exposed work where 
the temperature is less than 100 degrees F., asphalted pipe is 
advised. It is made in lengths up to 30 feet. For conveying 
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exhaust steam, paper pulp, and all hot liquids, especially such as 
are acid or alkaline, galvanized pipe is advised. It may be single 
or double galvanized and is made in lengths up to 20 feet. 

TABLE 8 


Abendroth and Root Black Spiral Riveted Pipe 


Diameter 
in Inches 

Thickness 

B. W. Gauge 

Approximate 
Bursting 
Pressure in 
Lbs. per Sq. 
Inch 

Weight in Lbs. per 100 Feet 

Plain End 
Pipe 

With A & R 
Flanges, Bolts 
and Gaskets 

With Root 
Bolted Joints 

3 

22 

1060 

115 

139 

153 


20 

1326 

147 

171 

186 


18 

1860 

205 

229 

243 

4 

20 

1000 

195 

227 

247 


18 

1390 

273 

306 

326 


16 

1845 

360 

392 

412 

6 

20 

795 

242 

282 

304 


18 

1100 

340 

380 

402 


16 

1480 

448 

488 

510 

6 

18 

930 

385 

433 

475 


16 

1220 

608 

666 

698 


14 

1580 

653 

701 

743 


12 

2060 

858 

906 

948 

7 

18 

790 

446 

510 

540 


16 

1060 

688 

662 

682 


14 

1340 

755 

819 

849 


12 

1780 

992 

1056 

1086 

8 

18 

690 

507 

587 

604 


16 

946 

669 

749 

766 


14 

1180 

860 

940 

957 


12 

1540 

1130 

1210 

1227 

9 


820 

763 

873 

863 


14 

1040 

967 

1087 

1077 


12 

1380 

1271 

1391 

1381 

10 

16 

740 

835 

963 

1025 


14 

946 

1071 

1199 

1261 


12 

1024 

1408 

1536 

1598 

11 

16 

670 

916 

1060 

1122 


14 

860 

1176 

1320 

1382 


12 

1120 

1546 

1690 

1752 

12 

16 

615 

1003 

1163 

1215 


14 

790 

1287 

1447 

1499 


12 

1025 

1692 

1852 

1904 


10 

1265 

2080 

2240 

2292 
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TABLE 8 {Continued) 


Diameter 
in Inches 

Thickness 

B. W. 
Gauge 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 

Weight in Pounds per 100 Feet 

Plain End 
Pipe 

With A and R 
Flanges, 
Bolts and 
Gaskets 

With Roc 
Bolted 
J oints 

13 

16 

570 

1106 

1274 

1346 


14 

730 

1420 

1688 

1660 


12 

950 

1866 

2034 

2106 


10 

1165 

2294 

2462 

2534 

14 

16 

530 

1199 

1399 

1465 


14 

676 

1539 

1739 

1806 

• 

12 

890 

2022 

2222 

2288 


10 

1090 

2486 

2686 

2752 

15 

14 

630 

1649 

1889 

1973 


12 

825 

2167 

2407 

2491 


10 

1015 

2664 

2904 

2988 

16 

14 

690 

1771 

2061 

2149 


12 

770 

2327 

2607 

2705 


10 

950 

2861 

3141 

3239 

18 

14 

525 

1974 

2334 

2394 


12 

690 

2593 

2963 

3013 


10 

850 

3188 

3548 

3608 

20 

14 



2550 

2608 


12 


2863 

3239 

3291 




3521 

3897 

3949 

22 

14 


MM 

2830 

2830 


12 

666 


3680 

3680 



695 

MM 

4300 

4300 

24 

14 

395 


3108 

3084 


12 

616 

3421 

3926 

3901 



635 

4216 

4720 

4696 

26 

12 

475 

3558 

4718 

4090 


10 

680 



4912 

28 

mm 

440 

3894 

5274 

4478 


m 

646 




30 

12 

410 

4115 

5531 

4755 


10 

610 

5063 

6479 

6703 
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The following information and Tables 9, 10, and 11 are based 
upon the American Spiral Pipe Works publications. In manu- 
facturing Taylor^s spiral riveted pipe, a strip of sheet metal is 
wound into helical shape with one edge overlapping the other 
for riveting the seam. The sheet is drawn and formed in such a 
manner as to obtain metal to metal contact, in order that the 
pipe may be more nearly smooth inside. The riveting is done 
cold by compression or squeezing under enormous pressure, thus 
insuring complete filling of the rivet holes with slight counter- 
sink. The pipe comes from the machines in a continuous piece, 
and is cut to any desired length. American Spiral pipe is made 
of various thicknesses, in sizes from 3 inches to 40 inches diam- 
eter, and is furnished in any length desired up to 30 feet for 
asphalt coated pipe and 20 feet for galvanized pipe. 

TABLE 9 

Tayloe’s Spiral Riveted Pipe 


Standard Thickness 


Diam- 
eter in 
Inches 

Thick- 

ness 

U. S. 
Stand- 
ard 
Gauge 

Approximate 
Weight 
per Foot 
Asphalted 
Pounds 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 

Diam- 
eter in 
Inches 

Thick- 

ness 

U. S. 

Stand- 

ard 

Gauge 

Approximate 
Weight 
per Foot 
Asphalted 
Pounds 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 

3 

20 

1.9 

1500 

16 

14 

18.1 

585 

4 

IS 

3.0 

1500 

18 

14 

19.9 

520 

5 

18 

3.7 

1200 

20 

14 

22.1 

470 

6 

16 

5.3 

1250 

22 

12 

33.7 

595 

7 

16 

6.2 

1070 

24 

12 

36.5 

540 

8 

16 

7.1 

935 

26 

12 

39.5 

505 

9 

16 

8.0 

835 

28 

10 

51.7 

605 

10 

16 

8.8 

750 

30 

10 

56.8 

560 

11 

16 

9.7 

680 

32 

10 

61.6 

525 

12 

16 

10.6 

625 

34 

10 

65.4 

490 

13 

16 

11.4 

575 

36 

10 

69.1 

470 

14 

14 

15.9 

670 

40 

10 

76.7 

420 

15 

14 

17.0 

625 






Above weights arc for plain ends without connections. 
Working pressure should not be more than 25 per cent, of the 
ultimate strength or bursting pressure. 
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TABLE 10 

Taylor^s Spiral Riveted Pipe 


Extra Heavy Thickness 


Diam- 
eter in 
Inches 

Thick- 

ness 

U, S. 
Stand- 
ard 
Gauge 

Approximate 
Weight 
per Foot 
Asphalted 
Pounds 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 

Diameter 

in 

Inches 

Thickness 
U. S. 

Standard 

Gauge 

Approximate! 
Weight 
per Foot 
Asphalted 
Pounds 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 


18 

2.3 

2000 

16 

12 

25.2 

820 

4 

16 

3.7 

1875 

18 ! 

12 

27.6 

730 

5 

16 

4.5 

1500 

20 

12 

30.6 

660 

6 

14 

6.6 

1560 

22 

10 

42.2 

765 

7 

14 

7.7 

1340 

24 

10 

45.7 

705 

8 

14 

8.8 

1170 

26 

10 

49.5 

650 

9 

14 

9.9 

1045 

28 

8 

63.6 

735 

10 

14 

11.0 i 

935 

30 

8 

68.7 

685 

11 

14 

12.0 

850 

32 

8 

74.3 

645 

12 

14 

13.0 

780 

34 

8 

78.8 

600 

13 

14 

14.1 

720 

36 

8 

83.4 

570 

14 

12 

22.2 

940 

40 

8 

92.4 

515 

15 

12 

23.7 

875 






TABLE 11 

Taylor^s Spiral Riveted Pipe 


Double Extra Heavy Thickness 


Diam- 
eter in 
Inches 

Thick- 

ness 

U. S. 
Stand- 
ard 
Gauge 

Approximate 
Weight 
per Foot 
Asphalted 
Pounds 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 

Diameter 

in 

Inches 

Thick- 

ness 

U. S. 

Stand- 

ard 

Gauge 

Approximate 
Weight 
per Foot 
Asphalted 
Pounds 

Approximate 
Bursting 
Pressure in 
Pounds per 
Square Inch 

6 

12 

9.2 

2170 

18 

10 

34.5 

940 

7 

12 

10.7 

1860 

20 

10 

38.3 

840 

8 

12 

12.3 

1640 

22 

8 

50.8 

940 

9 

12 

13.9 

1460 

24 

8 

55.2 

820 

10 

12 

15,3 

1310 

26 

8 

59.8 

795 

11 

12 

16.6 

1200 

28 

6 

76.6 

870 

12 

12 

18.2 

1080 

30 

6 

80.5 

810 

13 

12 

19.7 

1010 

32 

6 

87.1 

760 

14 

10 

27.6 

1210 

34 

6 

93.6 

715 

15 

10 

29.6 

1125 

36 

6 

97.8 

680 

16 

10 

31.5 

1050 

40 

6 

1 108.5 

610 
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Some of the advantages claimed for riveted pipe as compared 
with cast iron pipe in large sizes are given in a pamphlet by Edwin 
Burhorn, M.E. These are uniformity in thickness and materials, 
absence of blow holes, no shrinkage strains, lessened freight anc 
haulage charges (straight riveted pipe can be shipped ^'knockec 
down^’ and nested, the sheets being properly curved, punched, 
fitted, and marked ready for erection), cheapened erection and 
handling costs as its weight is only about one third that of cor- 
responding cast iron pipe, lessened resistance to flow of contents, 
safety against damage due to hidden defects. The pamphlet 
also describes and illustrates straight riveted pipe which has been 
built and which is advocated for high pressure steam mains, 
exhaust steam systems, vacuum exhausts for engines and tur- 
bines, discharge pipe from hydraulic dredges, water power dis- 
tribution, pneumatic power and air supply, gas power and pipe 
lines, etc. 

The thickness of material and character of the joint on riveted 
pipe depend entirely upon the service for which the pipe is re- 
quired. The lap and butt joint may be single, double, or triple 
riveted, designed for the special conditions, and flanges may be 
either single or double riveted to the pipe. 

When pipe is straight riveted the computation becomes the 
same as for a steel tank or boiler shell. Information with regard 
to straight riveted pipe is given in Table 12. 

TABLE 12 

Straight Seam Riveted Pipe 


Inside 

Diameter 

Inches 

Thickness of Material 

Theoretical 
Safe Working 
Head, Feet 

Approximate 
Weight per 
Lineal Foot 
Pounds 

U. S. Standard 
Gauge 

Inches 

16 

16 

.062 

190 

13.00 

16 

14 

.078 

237 

16.00 

16 

12 

.109 

332 

22.25 

16 

11 

.12.5 

379 

24.50 

16 

10 

.140 

425 

28.50 

18 

16 

.062 

168 

14.75 

18 

14 

.078 

210 

18.50 

18 

12 

.109 

295 

25.25 

18 

11 

.125 

337 

29.00 

18 

10 

.140 

378 

32..50 

18 

8 

,171 

460 

40.00 

20 

16 

.062 

151 

16.00 

20 

14 

.078 

189 

19.75 
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TABLE 12 {Continued) 


Steaight Seam Riveted Pipe 


Inside 

Diameter 

Inches 

Thickness of Material 

Theoretical 
Safe Working 
Head, Feet 

Approximate 
Weight per 
Lineal Foot 
Pounds 

U. S. Standard 
Gauge 

Inches 

20 

12 

.109 

265 

27.50 

20 

11 

.125 

304 

31.50 

20 

10 

.140 

340 

35.00 

20 

8 

.171 

415 

45.50 

22 

16 

.062 

138 

17.75 

22 

14 

.078 

172 

22.00 

22 

12 

.109 

240 

30.50 

22 

11 

.125 

276 

34.50 

22 

10 

.140 

309 

39.00 

22 

8 

.171 

376 

50.00 

24 

14 

.078 

158 

23.75 

24 

12 

.109 

220 

32.00 

24 

11 

.125 

253 

37.50 

24 

10 

.140 

283 

42.00 

24 

8 

.171 

346 

50.00 

24 

6 

.200 

405 

59.00 

26 

14 

.078 

145 

25.50 

26 

12 

.109 

203 

35.50 

26 

11 

.125 

233 

39.50 

26 

10 

.140 

261 

44.25 

26 

8 

.171 

319 

64.00 

26 

6 

.200 

373 

64.00 

28 

14 

.078 

135 

27.25 

28 

12 

.109 

188 

38.00 

28 

11 

.125 

216 

42.25 

28 

10 

.140 

242 

47.50 

28 

8 

.171 

295 

58.00 

28 

6 

.200 

346 

69,00 

30 

12 

.109 

176 

39.50 

30 

11 

.125 

202 

45.00 

30 

10 

.140 

226 

50.50 

30 

8 

.171 

276 

61.75 

30 

6 

.200 

323 

73.00 

30 

K 

.250 

404 

90.00 

36 

11 

.125 

168 

54.00 

36 

10 

.140 

189 

60.50 

36 

Vl6 

.187 

252 

81.00 

36 

K 

.250 

337 

109.00 

36 

Vie 

.312 

420 

135.00 

40 

Vie 

.187 

226 1 

90.00 

40 

% 

.250 

303 

120.00 

40 

Vie 

.312 

378 

150.00 

40 


.375 

455 

180.00 
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The safe working heads given in the Table are theoretical and 
are based on ordinary working conditions, so judgment should 
be used in deciding the safe heads for a particular case. The 
values given in the Table are for double-riveted longitudinal 
seams and single-riveted circumferential seams. Proper allow- 
ances should be made for possible water hammer, settling, expan- 
sion and contraction of the pipe, and causes which would tend to 
collapse the pipe. 

Copper and Brass Pipe. — Copper pipe may be figured b” ‘ 
British Board of Trade rule which for well made pipe with t 
joints is 


t = 


pd 



( 11 ) 


and for solid drawn pipe of 8 inches diameter or less 


t = 


pd 1" 
6000 32 


( 12 ) 


t = thickness in inches. 
p = pressure in pounds per square inch. 
d = diameter in inches. 


Table 13 gives dimensions and weights of brass and copper pipe. 


TABLE 13 

Seamless Drawn Brass and Copper Pipe 


Standard Weight Extra Heavy 


Nominal 

Diam- 

eter 

Inside 

Diameter 

Inches 

Outside 

Diameter 

Inches 

Approximate 
Weight per 
Lineal Foot 

Nominal 

Diam- 

eter 

Inside 

Diameter 

Inches 

Approximate Weight 
per Lineal Foot 

Brass 

Pounds 

Copper 

Pounds 

Brass 

Pounds 

Copper 

Pounds 

Vs 

.281 

.405 

.25 

.26 

Vs 

.205 

.370 

.388 

M 

.375 

.540 

.43 

.45 

H 

.294 

.625 

.650 

H 

.494 

.675 

.62 

.65 

Vs 

.421 i 

.830 

.870 


.625 

.840 

.90 

.95 

Vs 

.542 

1.200 

1.33 

M 

.822 

1.05 

1.25 

1.31 

H 

.736 

1.660 

1.75 

1 

1.062 

1.315 

1.70 

1.79 

1 

.951 

2.360 

2.478 

Wa 

1.368 

1.66 

2.50 

2.63 

IV 

1.272 

3.300 

3.465 

m 

1.600 

1.90 

3.00 

3.15 

IV 2 

1.494 

4.250 

4.462 

2 

2.062 

2.375 

4.00 

4.20 

2 

1.933 

5.460 

5.733 
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TABLE 13 (Continued) 

Seamless Drawn Brass and Copper Pipe 


Standard Weight Extra Heavy 


Nominal 

Diam- 

eter 

Inside 

Diameter 

Inches 

Outside 

Diameter 

Approximate 
Weight per 
Lineal Foot 

Nominal 

Diam- 

eter 

Inside 

Diameter 

Approximate Weight 
per Lineal Foot 

Inches 

Brass 

Pounds 

Copper 

Pounds 

Inches 

Brass 

Pounds 

Copper 

Pounds 


2.500 

2.875 

5.75 

6.04 


2.315 

8.300 

8.715 

3 

3.062 

3.50 

8.30 

8.72 

3 

2.892 

11.200 

11.760 

3H 

3.500 

4.00 

10.90 

11.45 

3K 

3.358 

13.700 

14.385 

4 

4.000 

4.50 

12.70 

13.33 

4 

3.818 

16.500 

17.325 

43^ 

4.500 

5.00 

13.90 

14.60 

5 

4.813 

22.800 

23.940 

5 

5.062 

5.563 

15.75 

16.54 

6 

5.750 

32.00 

33.60 

6 

6.125 

6.625 

18.31 

19.23 





7 

7,062 

7.625 

26.28 

27.60 





8 

7.982 

8.625 

29.88 

31.37 






Lead Pipe. — As mentioned in Chapter I, lead pipe was in use 
in very early times. It was made by the Romans by bending 
sheets of lead and soldering the seams. Lead pipe is now made 
by extrusion, using the hydraulic press to produce continuous 
pieces of almost any length. For lead pipe the Chadwick-Boston 
Company give the following formulae and Tables 14 and 15: 




(13) 

2/ 

hd 

t ^ — 

750 

(14) 


t = thickness in inches. 
d = diameter in inches. 

/ = fibre stress in pounds per square inch, 
p = internal fluid pressure in pounds per square inch. 
h = head in feet. 
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TABLE 14 

Sizes and Weights op Lead Pipe 


Calibre A = Outside Diameter, Inches 

Inches B = Weight per Foot, Pounds, Ounces 


Vs 

A 

B 

Vi 

0— 2^/2 










Vi 

A 

B 

Vs 

0-5 

V 16 

0-8 

^Vsi 

0-11 









A 

’Vm 

“Vsi 

Vis 

Vis 

*Ve4 

^764 

^Vso 

Vi 

"Vss 

^748 

/« 

B 

0-6 

0-8 

0-10 

0-12 

0-14 

1-0 

1-4 

1-8 

1-12 

2-0 


A 

«/6I 

*Vl8 

«/64 

VlO 

^Vis 

«/s 4 

‘Vis 

^'/is 

Vs 

*/4S 

’A 

B 

A 

0-8 

IVis 

0-10 

IVs 

0-12 

0-14 

1-0 

1-4 

1-8 

1-12 

2-0 

2-8 


B 

3-0 

4-0 










A 

Vi 

^Vss 

'V 16 

”/ss 

®VS4 

'VS4 

^750 

1 

I'Ai 

1720 

Vs 

B 

A 

0-13 

1V64 

0-14 

IVs 

1-0 

IVso 

1-4 

I'A 

1-8 

I'Vsi 

1-12 

2-0 

2-4 

2-8 

2-12 


B 

3-0 

3-4 

3-8 

4-0 

4-8 







A 

Vs 

"/« 

“/« 

"Vsi 

'Vso 

"Vsi 

1764 

l‘/l6 

iVci 

I'A 

3 / 

B 

0-12 

0-14 

1-0 

1-2 

1-4 

1-8 

1-12 

2-0 

2-4 

2-8 

/4 

A 

IV 20 

iVc 

I'Vsi 

PV64 

P748 

PV48 






B 

2-12 

3-0 

3-8 

4-0 

4-8 

5-0 






A 

IV 50 

IV16 

I'Vsi 

174 

1^764 

IV24 

1"/h 

178 

IVis 

I'Vss 


B 

1-4 

1-8 

1-12 

2-0 

2-4 

2-8 

3-0 

3-8 

4-0 

5-0 

1 

A 

PV48 

1^732 

IV4 









B 

6-0 

7-0 

8-0 









A 

IV 12 

IV 20 

1^732 

l'^7r.4 

PV 32 

vyu 

IVs 

1^720 

IV.o 

iVi 

11/ 

B 

1-12 

2-0 

2-4 

2-8 

3-0 

3-8 

4-0 

4-8 

5-0 

6-0 

i /4 

A 

vVu 

PV64 

1’^732 









B 

7-0 

8-0 

9-0 









A 

1 V 12 

iVio 

IV 4 

P732 

i'7ig 

PV 32 

l"V« 

P764 

2 'As 


1 1 / 

B 

2-0 

2-8 

3-0 

3-8 

4-0 

4-8 

5-0 

6-0 

7-0 


172 

A 

2'V32 

2Vifi 

27 ic. 









B 

? 

GO 

10-0 

12-0 








IVa 

A 

Is 'As 

2732 

2 '732 

2732 

2^704 

27i2 

2'A 





B 

3-0 

4-0 

5-0 

6-0 

8-0 

10-0 

12-0 




2 

A 

2 V.S 

274 

27ir> 

278 

27i2 

2^732 

2'V32 

2Vi2 

2"/, 6 



B 

3-0 

4-0 

5-0 

6-0 

7-0 

S-0 

0-0 

10-0 

12-0 
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TABLE 14 (Caniinued) 


Sizes and Weights op L ead Pipe 

Calibre 
Inches 


A = Outside Diameter, Inches 
B = Weight per Foot, Pounds, Ounces 


2V2 

A 

2“A6 

22732 

222/32 

2^712 

3 

32/6 

32/3 



B 

3-8 

5-0 

7-0 

8-0 

11-0 

14-0 

18-0 




A 

37* 

3732 

32/32 

32/3 

322/3, 

32/3 

322/34 

322/13 

32/4 

3 

B 

4:-0 

5-0 

6—0 

8-0 

10-0 

13-0 

16-0 

17-0 

19-0 

SVs 

A 

3‘Vi6 

32732 

37s 

4 

42/13 





B 

4r-8 

6-0 

10-0 

15-0 

19-0 






A 

4732 

473 

474 

422/64 

42/3 

42/3 

422/34 



4 

B 

5-0 

6-0 

8-0 

10-0 

12-0 

18-0 

21-0 

0 



4V» 

A 

41V16 

422/32 

42734 

5 






B 

7-0 

8-0 

14-0 

20-0 







A . 

5^764 

522/34 

52/3 

572 






5 

B 

8-0 

9-0 

15-0 

22-0 






6 

A 

OVs 

62/l, 

6‘/2 

6V4 






B 

10-0 

12-0 

26-0 

33-0 







TABLE 15 

Weight of Lead Pipe for Various Pressures 


Pressure in Pounds per Square Inch 


Inches 

15 

20 

25 

38 

50 

75 

100 

7s 

lbs. oz. 

0-8 

lbs. oz. 
0-10 
0-12 

lbs. oz. 

0-12 

lbs. oz. 

1-0 

lbs. oz. 

1-4 

lbs. oz. 

1-4 

1-8 

lbs. oz. 

1-8 

72 

0-12 

0— 14 

1- 0 

1-4 

1-8 

1-12 

2-0 

2-8 

3-0 

7* 

1-4 

1-8 

1-12 

1-12 

2-0 

2-4 

2-8 

2-12 

3-0 

3-4 

3-8 

4-0 

74 

1-4 

1-8 

1-12 

2-0 

2-4 

2-8 

3-0 

3-8 

4-0 

4-8 

5-0 

1 

1-12 

2-0 

2-8 

3-0 

4-0 

5-0 

6-0 

7-0 

174 

2-8 

3-0 

4-0 

4- 8 

5- 0 

7-0 

9-0 

12-0 

l ‘/2 

3-8 

4-0 

4 r-S 

5-0 

6-0 

10-0 

12-0 

15-0 
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Wooden Stave Pipe. — Continuous wooden stave pipe is used 
for conveying water long distances and especially where the 
expense of cast iron or steel pipe would be prohibitive. Sizes 
ordinarily range from two to ten feet in diameter. The staves 
are generally made of redwood or fir, and of thicknesses ranging 
from P/s inches net thickness for sizes up to 44 inches diameter, 
2 inches up to 60 inches, and 2 V 2 inches up to 8 feet diameter. 

The bands for wooden stave pipe should be of soft steel with 
an ultimate tensile strength of about 60,000 pounds per square 
inch, and an elongation of at least 25 per cent, in 8 inches. The 
ends of the bands should have either rolled threads or be upset 



so as to have the same strength as the unthreaded portion. The 
usual sizes of bands vary from ^/s inches for pipe 2 feet outside 
diameter to ^/4 inches for pipe 4 V 2 feet outside diameter. The 
spacing may be figured from formula 15. 

In Fig. 14 let 

A = area of section of hoop in square inches. 

/ = unit stress of material of hoop in pounds per 
square inch. 

d = diameter of pipe in inches. 

I = spacing of hoops in inches. 
p = pressure in pounds per square inch. 

Then 

pdl = force tending to separate pipe, 

2Af = force resisting separation of pipe, 


equating 


pdl = 2Af. 
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Introducing a coefficient C to allow for the stress due to swelling 
of the wood including a factor of safety of four or five for the 
bands, this equation becomes 


I = 


2Af 

pdC 


.(15) 


or 


A = 


pdlC 

2 / 


(16) 


It is not considered desirable to have the band spacing exceed 
10 inches, and good practice often indicates even closer spacing, 
regardless of pressure requirements. 

Bulletin 155, of the U. S. Department of Agriculture, by S. 0. 
Jayne, gives considerable information on this subject, and has 
been referred to in the preparation of the foregoing article. 



CHAPTER III 

PIPE THREADS 


Screw threads form* a part of many types of joints and fittings 
used for piping. The kinds used for such purposes will be de- 
scribed in this chapter. 

American Pipe Threads. — The thread used on piping in the 
United States is known as the Briggs Standard. This standard 



Fig. 15. Enlarged Section of Pipe Thread. 


is due to Robert Briggs, C. E., who prepared a paper on Ameri- 
can Practice in Warming Buildings by Steam/^ for the Institu- 
tion of Civil Engineers of Great Britain. This paper was presented 
and read after his death. An enlarged longitudinal section of 
a nominal 2 V 2 -inch pipe is shown in Fig. 15. The end of the 
pipe has a taper of 1 in 16 or V 4 inch per foot, Fig. 16. The 
thread has an angle of 60 degrees and is rounded at the top and 
bottom, so that the depth of the thread is .8 of the pitch. Fig. 17 
shows this form. The length 
of perfect thread, which is the 
distance the pipe should enter, 
is given by the formula 

Fig. 16. Taper of Threaded Pipe End. 

L = (4.8 + .8D)~ (17) 

D = actual external diameter of pipe. 

N == number of threads per inch. 

Preceding the perfect threads are two threads perfect at the 
bottom and imperfect at the top. Preceding these are four 
threads imperfect at both top and bottom. The number of 
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threads per inch is arbitrary, and comes from usage along with 
the nominal size of the pipe. They are finer in pitch than ordi- 
nary bolt threads because of the thinness of the metal and to 



maintain a light joint. Table 16 gives the dimensions for pipe 
threads. 

TABLE 16 


Standard Pipe Threads 


Size 

Inches 

Threads 

per 

Inch 

Diameter 
of Tap 
DriU 
Inches 

Outside 
Diameter 
of Threads 
at End 
of Pipe 
Inches 

Depth of 
Threads 
Inches 

Number of 
Perfect 
Threads 

Length of 
Perfect 
Threads 
Inches 

V. 

27 


.393 

.029 

5.13 

.19 

v. 

18 

^764 

.522 

.044 

5.22 

.29 

Vs 

18 

Vis 

.656 

.044 

5.4 

.30 

Vs 

14 

“As 

.815 

.057 

5.46 

.39 

v. 

14 

“As 

1.025 

.057 

5.6 

.40 

1 

llVs 

IVs 

1.283 

.069 

5.87 

,51 

I’A 

li'A 

I'Vss 

1.626 

.069 

6.21 

.54 

IV2 

IIV 2 

PVss 

1.866 

.069 

6.33 

.55 

2 

IIV2 

2Vi6 

2.339 1 

.069 

6.67 

.58 

2V2 

8 

2Vis 

2,819 

.100 

7.12 

.89 

3 

8 

3Vi6 

3.441 

.100 

7.6 

.95 

3V2 

8 

3“A6 

3.938 

.100 

8.0 

1.00 

4 

8 

4Vis 

4.434 

.100 

8.4 

1.05 

4V2 

8 

4V4 

4.931 

• .100 

8.8 

1.10 

5 

8 

6V1S 

5.490 

.100 

9.28 

1.16 

6 

8 

6V1S 

6.546 

.100 

10.08 

1.26 

7 

8 


7.540 

.100 

10.88 

1.36 

8 

8 


8.534 

.100 

11.68 

1.46 

9 

8 


9.527 

.100 

12.56 

1.57 

10 

8 


10.645 

.100 

13.44 

1.68 


PIPE THREADS 


37 


Standard Pipe Thread Gages. — In order to avoid variation 
in the number of threads which pipe will screw into fittings 
tapped at different shops it is necessary to have a definite stand- 
ard for the proper depth of thread. The following is from the 
report of the committee on Standardization of Pipe Threads of 
the American Society of Mechanical Engineers. 

“The gages shall consist of one plug and one ring gage of each 
size. 

“ The plug gage shall be the Briggs standard pipe thread as 
adopted by the manufacturers of pipe fittings and valves, and 
recommended by The American Society of Mechanical Engi- 
neers in 1886. The plug is to have a flat or notch indicating the 
distance that the plug shall enter the ring by hand. 

The ring gage is to be known as the American Briggs standard 
adopted by the Manufacturers’ Standardization Committee in 
1913, and recommended by The American Society of Mechanical 
Engineers, the Committee on International Standard for Pipe 
Threads, and the Pratt & Whitney Company, manufacturers of 
gages. The thickness of the ring is given in Table 17. It shall 
be flush with the small end of the plug. This will locate the flat 
notch on the plug flush with the large side of the ring. 

TABLE 17 (Fig. 18) 

Standard Pipe Thread Gages 


Pipe 

Size 

Inches 

Ring Gage 
Thickness 
Inches 

Pipe 

Size 

Inches 

Ring Gage 
Thickness 
Inches 

Vs 

.180 

5 

.937 

v. 

.200 

6 

.958 

Vs 

.240 

7 

1.000 

Vs 

.320 

8 

1.063 

v* 

.339 

9 

1.130 

1 

.400 

10 

1.210 

DA 

.420 

12 

1.360 

IV2 

.420 

14 

1.562 

2 

.436 

15 

1.687 

2V2 

.682 

16 

1.812 

3 

.766 

18 

2.000 

3^/2 

.821 

20 

2.125 

4 

.844 

22 

2.250 

4V2 

.875 

24 

2.375 
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“ The Table indicates the dimensions of the ring gage, A, sb-ow: 
in Fig. 18, which are the figures adopted by the Manufacttirere 
Standardization Committee. 

“ In the use of the plug gage shown in Fig. 18, the notch o] 

the plug is to gage, and. on. 
thread large or one tlirea* 
small must be the inspecfcio] 
Umits. 

“ In the use of the rinj 
gage, male threads are tx 
gage when flush with sma] 
end of ring, and one tb.rea< 
large or one thread smal 
must be inspection limits.^' 
Pipe Threading. — 
threads may be cut either bz 
hand or in a machine. Whei 
cut by hand a pipe tap or die is used, shown in Fig. 19. IFo: 
machine threading a lathe may be used, setting a properly 
shaped tool at right angles to the axis of the pipe, not per 
pendicular to the taper. A Saunders’ pipe threading machine is 
shown in Fig. 20. A good threaded joint requires clean, smootbl^ 



Fig. 18. Standard Plug and Ring Gage. 



Pipe Pscfrrtar" f^fps Tap 



cut threads. To make sure of such threads the die must be ixi.a.ci< 
with proper consideration as to lip, chip space, clearance, lea.ci 
and sufficient number of chasers. Valuable information alon^ 
the following lines is given in National Tube Company’s Bulle-tir 
No. 6. 
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Fig. 20. Pipe Threading Machine. 

be from 15 degrees to 25 degrees, depending upon conditions, and 
may be obtained by milling the cutting face of the cluiscr as 
shown by the full lines, or inclining the chaser as in the dotted 



Fig. 21. Thread Cutting. 


Fig. 22. Thread Cutting. 
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lines. Chip space should be provided as shown in the figure, as 
otherwise the chips will clog and tear the threads. ' Fig. 22 shows 
the working of a properly made chaser. 

Clearance is the angle between the threads of the chasers and 
those of the pipe. Lead is the angle which is ground or machined 
on the front of each chaser to enable the die to start on the pipe 
and to distribute the work of cutting. The proper amount of 



Fig. 23. Pipe Vises. 


lead is about three threads. The number of chasers to obta^in 
good results in threading at one cut is as follows: 


IV4" to 

4" 

should have approximately 

6 chasers 

4 ." (( 

7" 

ll 

ll 

ll 

8 

ll 

>Jlf ll 

10" 

ll 

It 

ll 

10 

ll 

10" ‘‘ 

12" 

It 

It 

ll 

12 

ll 

12" “ 

14" 

It 

i( 

ll 

14 

ll 

14" 

18" 

It 

ll 

ll 

16 

ll 

18" “ 

20" 

It 

ll 

ll 

18 

ll 


In all cases the cutting tools should be kept well lubricated with 
good lard oil or crude cottonseed oil. 

Pipe Tools. — Examples of various forms of vises, cutting tools, 
wrenches, etc., for use in the threading and making up of pipe 
are illustrated and named in Figs. 23 and 24. 

English Pipe Threads. — '^British Standard Pipe Threads/' 
as given in the report of the Engineering Standards Committee, 
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are shown in Fig. 25. This is the Whitworth form of thread. The 
tops and bottoms are rounded so that the depth is about .64 of 



Fig. 24. Pipe Cutters, Tongs, and Wrenches. 


the pitch, and the angle is 55 degrees. Ordinary pipe ends or 
short screws” taper V 4 inch to the foot or ^/le inch per inch 
of length measured on the diameter, as in the Briggs system. 
Long screws are made straight. Table 18 gives information on 



Fig. 25. Form of Whitworth Pipe Thread. 


British pipe threads as approved by the above committee, for 
sizes up to 18 inches diameter. 
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TABLE 18 


British Standard Pipe Threads 


Nominal 

Inside 

Diameter 

Inches 

Approximate 

Outside 

Diameter 

Inches 

Gage Diameter 
Top of 
Thread 
Inches 

Depth of 
Thread 
Inches 

Core 

Diameter 

Inches 

Number 
of Threads 
per Inch 

Vs 

'Vss 

.383 

.0230 

.337 

28 

V4 


.518 

.0335 

.451 

19 

Vs 

'V16 

.656 

.0335 

.589 

19 

Vs 

"As 

.825 

.0455 

.734 

14 

Vs 

‘V16 

.902 

.0455 

.811 

14 * 

Vs 

IVlO 

1.041 

.0455 

.950 

14 

Vs 

1VS2 

1.189 

.0455 

1.098 

14 

1 

l'V32 

1.309 

.0580 

1.193 

11 

IVs 

I'VlS 

1.650 

.0580 

1.534 

11 

IVs 

l“^/32 

1.882 

.0580 

1.766 

11 

IVs 

2Vs2 

2.116 

.0580 

2.000 

11 

2 

2Vs 

2.347 

.0580 

2.231 

11 

2V4 

2Vs 

2.587 

.0580 

2.471 

11 

2 V 2 

3 

2.960 

.0580 

2.844 

11 

2V4 

aVs 

3.210 

.0580 

3.094 

11 


3'A 

3.460 

.0580 

3.344 

11 

8V4 

3V4 

3.700 

.0580 

3.584 

11 

;PA 

4 

3.950 

.0580 

3.834 

11 

3V4 

4V4 I 

4.200 

.0580 

4.084 

11 

4 

4SA 

4.450 

.0580 

4.334 

11 

4'A 

5 

4.950 

.0580 

4.834 

11 


7) ‘A 

5.450 

.0580 

5.334 

11 

r)>A 

() 

5.950 

.0580 

5.834 

11 

() 

10/2 

().150 

.0580 

6.334 

11 

7 

7‘;'2 

7.450 

.0640 

7.322 

10 

S 

S' A 

S.150 

1 .()()4() 

8.322 

10 

<) 

0’ ’•> 

9.150 

.()64() 

9.322 

10 

10 

i lO'A 

10.450 

! .(MVIO 

10.322 

10 

1 1 

' 1 1 ‘;2 

11.450 

1 .OSOO 

11.290 

8 

12 

i 12' D 

12.450 

I .OSOO 

12.290 

8 

12 

! i:0'’4 

13.()S() 

1 .OSOO 

13.520 

8 

M 

M-' 

M.OSO 

1 .OSOO 

14.520 

8 

ir, 

i 15^', 

15.r)S0 

.0800 

15.520 

8 

10 

10\', 

Hi.OSO 

.0800 

1().52() 

8 

17 

17^/.» 

IT.OSO 

.0800 

17.520 

8 

IS 

1 ls--'Ai 

IS.OSO 

.0800 

18.520 

8 
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The Whitworth Standard Threads are given in Table 19 for 
sizes up to 4 inches in diameter. 

TABLE 19 

Whitworth Standard Pipe Threads 


Nomi- 

nal 

Size 

Actual 

Outside 

Diam- 

eter 

Inches 

Diameter 

at 

Bottom 

of 

Thread 

Inches 

No. of 
Threads 
per 
Inch 

Diameter 

of 

Tap Drill 
Inches 

Nomi- 

nal 

Size 

Actual 

Outside 

Diam- 

eter 

Inches 

Diameter 

at 

Bottom 

of 

Thread 

Inches 

No. of 
Threads 
per 
Inch 

Diameter 

of 

Tap Drill 
Inches 

Va 

.3825 

.3367 

28 

Via 

IVa 

2.245 

2.1285 

n 


Va 

.518 

.4506 

19 

=“V04 

2 

2.347 

2.2305 

11 

IVaa 

Va 

.6563 

.5889 

19 

Vl6 

2Va 

2.467 

2.3505 

11 


Va 

.8257 

.7342 

14 

“/i« 

2‘A 

2.5875 

2.4710 

11 

2iVa2 

Va 

.9022 

.8107 

14 

“/aa 

Vk 

2.794 

2.6775 

11 


Va 

1.041 

.9495 

14 

^^Vaa 

2V2 

3.0013 

2.8848 

11 

22V32 

Va 

1.189 

1.0975 

14 

IVio 

2Va 

3.124 

3.0075 

11 


1 

1.309 

1.1925 

11 

IVa 

2V4 

3.247 

3.1305 

11 

3Va2 

IVa 

1.492 

1.3755 

11 


2V8 

3.367 

3.2505 

11 


IVa 

1.650 

1.5335 

11 

I'Va 

3 

3.485 

3.3685 

11 

3Va2 

IVa 

1.745 

1.6285 

11 


3V4 

3.6985 

3.5820 

11 

3V2 

IVa 

1.8825 

1.7660 

11 

PVaa 

3V2 

3.912 

3.7955 

11 

3V4 

IVa 

2.021 

1.9045 

11 


3V4 

4.1255 

4.0090 

11 

4 

IVa 

2.047 

1.9305 

11 

I'Via 

4 

4.339 

4.2225 

11 

474 


Foreign Pipe Threads. — The author is indebted to Mr. Wil- 
liam J. Baldwin for notes on foreign practice. In the practice of 
Germany and France (comparing the German and French sys- 
tems with the Briggs system), Germany uses straight threads 
nearly altogether. The pitch and form of thread is about the 
same as the English except that the thread as a whole is not 
tapered. France is more irregular in practice, the Navy follow- 
ing one method and private shops other methods. The French 
Navy, however, leans toward tapered threads. 

South American countries have no fixed standards, but import 
from the United States and England and use the method of the 
country from which they import. Canada uses the Briggs stand- 
ard. In Mexico a great deal of American pipe and fittings is used, 
but Mexico and the South and Central American countries use 
the methods of those from whom they buy, as a general rule. 



CHAPTER IV 
PIPE FITTINGS 


Screw Fittings. — Since there is a practical limit to the length 
of pieces of pipe as well as the necessity for connections and 
convenient changes in direction, pipe fittings have been devised. 
There are two general classes of fittings, namely: screwed fittings 
and flanged fittings. As a rule the screwed fittings are used with 



Fig. 2(). Pipe Fittings. 


the smaller si^^es of pipe and for low pressure work. The flanged 
fittings are used for higher pressure's and for larger sizes of pipe. 
Idg. 26 shows a variety of screwed fittings for ^‘making up^^ 
standard pipe. 

Couplings. — For joining two lengths of pipe, couplings are 
used. These may have right hand thre^ads at both ends or may 
have right hand threads at one end and left hand threads at the 
other for convenience in (*onn(‘(*ting and discionnecting. Right 
and left couplings generally have bars running lengthwise to 
distinguish them from couplings with right hand threads. Some- 
times reducing couplings are used where a change in size of pipe 
is desired. Couplings are made of cast iron, wrought iron, steel, 
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malleable iron, and brass. A coupling is included on one end of 
each fuU length of standard pipe. Forms of couplings are shown 



Fig, 27. Couplings. 

in Fig. 27 and Table 20 gives the dimensions of standard wrought 
iron couplings. 

TABLE 20 


Standard Wrought Iron Couplings 


Size of 
Pipe 
Inches 

Outside 

Diameter 

Inches 

Length 

Inches 

Average 

Weight 

Pounds 

Size of 
Pipe 
Inches 

Outside 
Diameter i 
Inches 

Length 

Inches 

Average 

Weight 

Pounds 

Vs 

“As 

“As 

.03 

3‘A 

4V.S 

3Vis 

3.40 

'A 

V 4 

1 V 32 

.07 

4 

4^Vi6 

3716 

3.50 

Vs 

^732 

IV 32 

.11 

4‘A 

5“A2 

37s 

4.70 

'A 

IVss 

IV 16 

.15 

5 

6 V 4 

47s 

8.50 


1"A2 

IVlO 

.25 

6 

7732 

478 

9.70 

1 

iVs 

l“/ic 

.42 

7 

8732 

478 

11.10 

1 V 4 

PVS2 

2Vio 

.60 

8 

974 

478 

13.60 

1 V 2 

2“/64 

2V.S 

.81 

9 

lOVlS 

578 

17.40 

2 

2“A2 

2Vi6 

1.18 

10 

llVs 

678 

31.10 

2V2 

3Vu 

2V8 

1.70 

12 

ISVs 

678 

44.20 

3 

3'V,6 

3Vi6 

2.45 
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Elbows. — For turning corners elbows or ells are used, Fig. 28. 
Reducing ells are used to change the size of pipe at a corner. 
Sometimes eUs are provided with an opening at the side in which 
case they are called side outlet elbows. Elbows are also made 



P/a/n P/af 5eac/ Pound Bead S freer £/bo^ 

Fig. 28. Elbows. 


for angles other than 90 degrees and are then speeificnl by tlu* 
angle, as 45 degree ell, 30 degree ell, or (>0 (k^gren^ (^11, (4(‘. It, will 
be noticed that the angle is the one made with th(‘ axis or run of 
the pipe. 

Tees, Crosses, Bushings, Caps, Plugs. — For a branch at riglit, 
angles to the pipe tees are used. Wlum tlu^ thn^c' opcaiings an- 


/ " Branch 



the same, the fitting is specified l)y the .size of t lu' ii.s a 1-iiich 
tee, or 2-inch tee, etc. When tlie l)r;uieli i.s of a dilTeiviit .size 
the size of run is given first and then the outlet, as 2"x f t(‘e. 
When the three openings arc diffei’cnt they arc^ ail sjx'eilii'd, giv- 
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ing the sizes of the run first, as 2" x 1 V 2 " X I" tee, as shown at 
C in Fig. 29. Side outlet tees are also made. For a branch at 
other angles a Y, Fig. 30, may be used. Note that the angle is 



Fig. 30. Y-Branches. 


the smaller of the two made with the run of the pipe. The use 
of a cross (+) is evident from the figure as well as the notation. 
Figs. 31 and 32 show other fittings. A bushing is used to bush 
or reduce the size of an opening so that a smaller pipe may be 



Fig. 31. Bushings and Plugs. 


used. For closing an opening a pipe plug is used. For (^losing 
the end of a pipe a cap is used. A pipe nut is soMietitn(\s uscul as 
a locknut when a pipe is screwed into sheet ineta-1. Then^ are 
many special forms of fittings and tlio catalogs of standard manu- 


facturers should be consulted. 
Tables 20 to 35 in this chap- 
ter give dimensions of screwcnl 
fittings sufficiently close for 
most purposes. 

Nipples. — Short pieces of 
pipe used to join fittings which 




Fig, 32. Pipe Nut and Cap. 


are near together are called nipples, and may lie pilrchascMl witli 


threads cut ready for use. They arc known as close nipples when 
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the threads run the entire length (A, Fig. 33), short or shoulder 
nipples when there is a small amount of unthreaded pipe (5, 
Fig. 33). Long nipples and extra long nipples have various 
lengths. Extra long nipples range from sizes given up to twelve 



Fig. 33. Nipples. 


inches in length. Table 21 gives the ordinary sizes of wrought 
iron nipples when both ends have right hand threads. 


TABLE 21 

Wrought Iron Nipples 


Size 
of Pipe 
Inches 

Length of Nipple in Inches 

Close 

Short 

Long 

Vs 

Vs 

1V2 

2 

2V2 

3 

3V2 

v. 

Vs 

l‘A 

2 

2V2 

3 

3V2 

Vs 

1 

IV2 

2 

2V2 

3 

3V2 

Vs 

iVs 

I'A 

2 

2V2 

3 

3V2 

Vi 

IVs 

2 

2V2 

3 

3V2 

4 

1 

I'A 

2 

2V2 

3 

3V2 

4 

iv. 

IVs 

2V2 

3 

3V2 

4 

4V2 

IVs 

iVi 

2V2 

3 

3V2 

4 

4V2 

2 

2 

2V2 

3 

3V2 

4 

4V2 

2V2 1 

1 2V2 

3 

3V2 

4 

4V2 

5 

3 

2V2 

3 

3 V 2 

4 

4V2 

5 

3V2 

2V4 ' 

4 

4V2 

5 

SVs 

6 

4 

3 

4 

4V2 

5 

572 

6 

4 V 2 

3 

4 

4 V 2 

5 

572 

6 

5 

3 V 4 

4V2 

5 

5V2 

6 

672 

6 

3 V 4 

4 V 2 

5 

5V2 

6 

672 

7 

31/2 

5 





8 

31/2 

5 





9 

4 

5 





10 

4 

5 





12 

4 

5 
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The sizes when threaded one end right hand and the other 
end left hand are the same for sizes up to four inches diameter. 
A right and left nipple of malleable iron with a hexagon center 
is shown at C in Fig. 33. These are made in sizes ranging from 
Vi inch to 4 inches. Variations will be found as there are no 
standard dimensions. 

Cast Iron Fittings. — Pipe fittings for screwed pipe are made 
of various materials and in various designs to suit the require- 
ments of pressure and medium to be conveyed. For steam, 
water, etc., under pressure less than 125 pounds per square inch 




£ 




31 

■Cc/^ 



/?ec/i/cer 


standard weight fittings of cast iron are generally used. The 
question of strength involves much more than the pressure from 
within the pipe which induces a comparatively low stress in the 
material. The greater strains come from expansion, support, 
and ^‘making up.^' For severe service or pressures from 125 to 
250 pounds per square inch extra heavy cast iron fittings may 
be used. The dimensions of cast iron screwed fittings are not 
standardized and a variation will be found in the products of 
different manufacturers. For this reason the dimensions for 
standard weight, extra heavy, and long sweep cast iron fittings, 
and malleable iron fittings, as made by a number of companies 
have been given in Tables 22 to 29 inclusive. These will be 
found to give sufficient information for most purposes. 
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TABLE 22 (Fig. 34) 
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Fig. 35. Long Sweep Cast Iron Fittings. 


TABLE 24 (Fig. 35) 

Walworth Co. Long Sweep Cast Iron Fittings 


Size 

of 

A 

B 

c 

D 

E 

Pipe 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

274 

2V8 

1 V 2 



iVi 

278 

374 

1 V 8 



FA 

3 

378 

2 



2 

378 

378 

2V8 



2 V 2 

4Vi 

472 

374 

eVa 

574 

3 

572 

57i 

3 V 2 

774 

578 

372 

5Vi 

5Vi 

4 

87i 

6 V 4 

4 

673 

678 

4V8 

lOVs 

978 

472 

67i 

678 

4V8 

lOVs 

974 


7 

7Vi 

5V8 

IFA 

972 

6 

773 

9 

67i 

13 

llVs 

7 

SVs 

lOVa 

evs 

1472 

1274 

8 

972 

llVs 

7V8 

187i 

1672 

9 

loVi 



2172 

1974 

10 

11 V 2 

11 Vs 

11 Vs 

2474 

2278 

12 

12Vi 



31 

2874 


TABLE 25 (Fig 36) 

National Tube Company Standard Cast Iron Fittings 


Size of 
Pipe 
Inches 


Vi 

Vs 

'A 

Vi 

1 

iVi 

I'A 

2 

2V2 

3 


Inches 


”/l 6 

'V16 

IV16 

iVi 

1V2 

iVs 

I'VlS 

2Vk. 

2 V 8 

3 Vu 


A-A 

Inches 


IVs 

IVs 

2 V 8 

2'A 

3 

3Vi 

3Vs 

4 V 8 

5Vi 

eVs 


B 


Inches 


Vs 

“A 2 

■v.« 

I'/s 

I'/l 

IVs 

I’Ao 

1‘Vis 

2Vis 


Size of 
Pipe 
Inches 

372 

4 

472 

5 
G 

7 

8 
9 

10 

12 


Inches 

3'A 

3'Vic 

4 Vi 5 

4‘A 

TiVio 

5'Vi« 

6'A 

7Vir, 

S'A 
9 Vis 


A-A 

Inches 


7 

7V» 

SVio 

<) 

lOV.s 
11 Vs 

12'V.c 

14 V» 

107.2 

19'/s 


B 

Inches 


2Vi« 

2Vs 

2'V.6 

2Vi 

3V« 

3Vis 

3'Vio 

4Vi 

4Vs 

5'A 
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Fig. 36. Screwed Fittings. 


TABLE 26 (Fig. 36) 


National Tube Company, Extra Heavy Cast Ieon Fittings 


Size of 

A 

A-A 

Size of I 

A 1 

A-A 

Pipe 



Pipe 



Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

V4 

Vs 

1V4 

3'A 

3V4 

TVs . 

Vs 

1 

2 

4 

4V8 

8V4 

Vs 

lVl6 

2V8 

4V2 

• 4Vi6 

9V8 

Vs 

IVs 

2V4 

5 

4V8 

9V4 . 

1 

lVl6 

3Vs 

6 

SVs 

11 V 4 

1V4 

IVs 

3V4 

7 

6Vi6 

1278 

1.V* 

2Vs 

4V4 

8 

6“/i6 

ISVs 

2 

21A 

5 

9 

7»A6 

isVs 

21A 

2‘Vi6 

■5V8 

10 

SVs 

17 

3 

3V8 

6V4 

12 

9>Vi6 

1978 



Fig. 37. Long Sweep Cast Iron Fittings. 


TABLE 27 (Fig. 37) 


National Tube Company, Long Sweep Cast Iron Fittings 


Size 

of 

A 

A-A 

B 

c 

Size 

of 

A 

A-A 

B 

c 

Pipe 

Inches 

Inches 

Inches 

Inches 

Inches 

Pipe 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

2 V 2 

5 

2 

l7io 

472 

7Vi6 

1478 

5'7i6 

3'7i6 

1 V 4 

2 V 4 

572 

278 

172 

5 

774 

15V2 

67i6 

47i6 

IVs 

2'7i6 

578 

274 

174 

6 

9Vi6 

ISVs 

7>Vi6 

47i6 

2 

3Vi6 

678 

274 

278 

7 

1074 

20 V 2 

S^Vis 

57a 

2 V 2 

41/8 

874 

378 

272 

8 

1172 

23 

9‘7i6 

6 

3 

5732 

lOVu 

4“A6 

21716 

10 

1472 

29 

12>746 

6 V 16 

3 V 2 

5“A6 

nVs 

472 

374 

12 

16 

32 

14 

8 

4 

6V8 

1274 

57i6 

378 
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Fig. 38. Screwed Fittings. 



TABLE 29 (Fig. 38) 


Cbane Company, Extra Heavy Cast Iron Fittings 


Size of 

A 

B 

Size of 

A 

B 

Pipe 



Pipe 



Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

2 

IVa 

472 

6V2 

3 

1V4 

2V4 

IV2 

5 

678 

3Vi8 

1V2 

2Vi4 

IVa 

6 

774 

3V4 

2 

3 

l*Vi. 

7 

878 

4 

2V2 

3V2 

2V4 

8 

978 

4V4 

3 

4V8 

2V2 

10 

llVs 

4V8 

31/2 

4“A6 

2Vi6 

12 

1378 

5V2 

4 

5Vs 

2V4 





Screwed Reducing Fittings. — The centre to face and face to 
face dimensions for Walworth Standard Weight cast iron screwed 
reducing tees and crosses, Fig. 39, are determined as follows: 

For A A face to face, add to the outside 
diameter E of outlet bead, twice the width 
F of the run-bead. For A centre to face, 
add to the width F of outlet bead, one half 
the diameter E of the run-bead. Thus for a 


m. 


T~\ 


I' 


Ak A 


r 

ti 


2" X tee the dimensions are 


-AA- 
Fig. 39. Reducing 
Tees and Crosses. 


A A — IV4 + ^Vi6 + 
A = V16 + 1 ^ V16 = 


^Vl6 = 3 Vs". 
2 Vs". 


See Table 22 for necessary dimensions. 

Brass Fittings. — Brass fittings are made in both standard and 
extra heavy weights. They are used for feed water pipes where 
bad water makes steel pipes undesirable. Brass fittings may be 
had in iron pipe sizes. The dimensions as made by the Lunken- 
heimer Company are given in Table 30 for pressures up to 175 
pounds, and in Table 31 for pressures up to 300 pounds. 
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Fig. 40. Brass Fittings. 



TABLE 30 (Fig. 40) 


Lunkenheimek Bronze Fittings, Medium Pattern 


Size of 

A 

B 

C 

D 

E 

E 

G 

H 

K 

Pipe 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Vs 

V 16 

IVs 

Vs 

Vs 

IVie 

Vs 

1 

l‘/4 

IVs 

V4 

V4 

1 V 2 

1 

IVlO 

l“/32 

‘Vie 

iVie 

l“/l6 

2‘/8 

Vs 

Vs 

1 V 4 

1 V 16 

IVs 

IV 16 

‘Vie 

IVie 

l‘Vl6 

2V8 

Vs 

1 

2 

1 V 4 

IVs 

l^Vss 

IVie 

l“/ie 

2Vi6 

2‘Vi6 

V4 

1 V 16 

2V8 

1 V 16 

2, 

2V8 

IVie - 

2‘/8. 

3 , 

3Vs 

1 

iVio 

2V8 

IVs 

2Vi6 

2V4 

IV 4 

2V8 

31/2 

4Vie 

1V4 

I'Vis 

31/4 

l^Via 

21 V 16 

3Vi6 

2V8 

3Vie 

4Vie 

SVs 

IVs 

iVs 

3“A6 

2 

3 

3V4 

2V8 

3‘Vi6 

4“/i6 

6‘/8 

2 

2Vis 

41/2 

2Vic 

3'Vie 

4V8 

2V8 

4V4 

5‘Vi6 

7Vs 

2 V 2 

2V8 

51/4 

2V8 



3‘/ie 

53/4 



3 

3Vi0 

6^/i6 

21 V 16 








TABLE 31 (Fig. 40) 


Lunkenheimer Bronze Fittings, Extra Heavy Pattern 


Size of 

A 

B 

c 

Size of 

A 

B 

c 

Pipe 




Pipe 




Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

‘/s 

“A« 

IVs 

‘VlO 

l‘A 


3Vis 


‘A 

Vs 

l“Ae 

1‘A6 

l‘A 

2 

4 


Vs 

1 

l‘Vie 

IVio 

2 

2V8 

4“/io 


Vs 

l‘/s 

2‘A 

IVs 

2 V 2 

2 V 4 

5Vio 


V4 

IViO 

2V8 

. . . 

3 

3Vis 

6 V 10 


1 

l‘A 

3 







Malleable Iron Fittings. — Malleable iron fittings are made 
plain and beaded and for various pressures. Plain fittings are 
for low pressure work only. Standard beaded fittings may be 
used up to 150 pounds; extra heavy beaded fittings up to 250 
pounds, and double extra heavy fittings for hydraulic work up 
to 800 pounds. The principle dimensions of malleable fittings as 
made by the National Tube Company are given in Tables 32 and 
33. Extra heavy malleable iron fittings for pressures up to 250 
pounds as made by Crane Company are dimensioned in Table 34. 
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Fig. 41. Standard Malleable Fittings. 
TABLE 32 (Fig. 41) 


Size of 
Pipe 
Inches 


Vs 

‘A 

Vs 


74 

1 

PA 

PA 

2 


A 

Inches 

A-A 

Inches 

B 

Inches 

Size of 
Pipe 
Inches 

A 

Inches 

A-A 

Inches 

! B 

Inches 

“As 

iVis 

"As 

2V2 

278 

52/4 

p'/is 

Vs 

PA 

Vs 

3 

3 >Vss 

6 'Vl 6 

25/1. 

l^Ai 

2 Vi 6 

“/is 

31/2 

32732 

722/16 

222/63 

iVss 

2 Vi 6 

^Vss 

4 

4732 

8*/ 16 

22/8 

PVss 

2 “/i 6 


41/2 

4 “/i, 

92/8 

31/8 

IVis 

3 Vs 

P/is 

5 

SVis 

102/8 

32/3 

PA 

3V4 

PA 

6 

6 V 32 

122/16 

42/16 

2 Vis 

4 Vs 

PVss 

7 

e^Vis 

132/8 

45/8 

2‘V32 

41VIS 

PVss 

8 

725/32 

152 /, 6 

52/4 




AA- 
l— •4-/4 ■ 




>7 


-AA- 

U.^^A-A 


1 

: / 

1 

A 





Fig. 36. Screwed Fittings. 
TABLE 33 (Fig. 36) 


X^jtv.rxvji>rvju 

Size of 
Pipe 
Inches 

A 

Inches 

A-A 

Inches 

B 

Inches 

Size of 
Pipe 
Inches 

A 

Inches 

A-A 

Inches 

B 

Inches 

Vs 

22/16 

p/s 


372 

32/2 

7 

22/16 

Vs 

23/j, 

PA 

Vs 

4 

32V16 

72/s 

22/8 

Vs 

I2/16 

22/8 

22/33 

472 

42/16 

82/i6 

222/16 

Vs 

PA 

22/2 

2 VlS 

5 

42/3 

9 

22/4 

1 

PA 

3 

P/s 

6 

52/16 

102/16 

32/8 

P/s 

PA 

32/4 

PA 

7 

522/16 

IP/s 

32/16 

PA 

PVis 

35/8 

p/s 

8 

62/3 

1222/16 

322/16 

2 

2 Vis 

42/8 

P/lS 

9 

77is 

142/s 

42/4 

22/3 

22/8 

52/4 

PVis 

10 

82/4 

162/3 

42/8 

3 

3Vi6 

62/8 

22/.6 

12 

92/16 

192/8 

52/2 
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Fig. 38. Screwed Fittings. 



TABLE 34 (Fig. 38) 

Crane Company, Extra Heavy Malleable Fittings 


Size of 

A 

B 

c 

Size of 

A 

B 

c 

Pipe 




Pipe 




Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

v. 

1 V 16 

v. 


2 V 2 

3 V 2 

27. 

47. 

Vs 

1 V 4 

7^8 


3 

478 

27s 

57s 

Vs 

1 V 2 

1 


3 V 2 

4Vs 

2V8 

67. 

v. 

1 V 4 

IVs 


4 

SVs 

2>Vi. 

7 

1 

2 

1 V 16 

2*A 

4V2 

SVs 


7Vi 

iVs 

27. 

IVs 

3 

5 

67. 


87s 

iVs 

2 V 2 

l‘Vl6 . 

3Vs 

6 

77. 


97s 

2 

3 

2 

1 4 






Extra Heavy Cast Steel Screwed Fittings. — Screwed fittings 
are made by Walworth Company of cast steel for superheated 
steam at 350 pounds working pressure and a total temperature 
of 800 degrees F. or for water working pressures of : 

5.000 pounds for 1 inch and smaller sizes. 

3.500 pounds for 1 V 4 inch to 2 inch. 

2.500 pounds for 2 V 2 inch to 4 V 2 inch. 

2.000 pounds for 5 inch and 6 inch sizes. 

Such fittings have a larger radius than ordinary cast iron 
fittings. 

Strength of Fittings. — Some results of tests to determine the 
average bursting pressures of extra heavy flanged fittings arc 
plotted in Fig. 42. These tests were made by Crane Company 
who burst several fittings of each size under hydraulic pressure. 
The average tensile strength of the metal test bars were: Ferro- 
steel 33,000 pounds per square inch, and cast iron 22,000 pounds 
per square inch. 

The bursting pressure of screwed fittings is from ten to twenty 
times the working pressure. The internal fluid pressure, how- 
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ever, is not the determining factor, as fittings must withstand 
the strain of expansion, contraction, weight of piping, settling, 
and water hammer, and there is also the possibility of non-uni- 
form thickness. 


iHHI 


BB 

Bi 
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IBI 

El 

Ell 


HB 

Bl 

Bl 

Bl 

Bl 

El 

El| 
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Bl 
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IB 
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BB 

BB 

IB 

IB 
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1 
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BB 
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im 
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BB 
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B 
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generally in excess 
of 1000 pounds, 
and for malleable 
iron in excess of 
2,000 pounds. 

Flanged Fittings. 
— Flanged fittings. 
Fig. 43, are to be 
preferred for im- 
portant or high 
pressure work. 
Regular fittings are 
now made with 
dimensions of the 
American Standard 
as devised by a 
committee of the 
A. S. M. E., and a 
Manufacturers^ 
committee. This 
standard fixes the 
dimensions for 
' wriglit {iitings (125 lbs.) from 1 inch to 100 inches and 

f„r rxtra ii.aivv or hiiili |.ivssurc fidiiiss (2r>0 1V)S.) from 1 inch to 
is inrli.-:. ’I'i..- following: tal)!cs tlm dimonsionw revised to 
Maivli Till anil KM 1. 'PIk' dinumsioiiK in Table 35 are 

,.,!t iltiinjis for 125 im.uiuIs working pressure, and 
tbci-r in Tallin :>fi are conmion to all liM.iiif 2 ;s for 250 pounds 
u.irkiim pressure, 'babies 37 and 3H_ srive, the thickness of 
tiielal. and Tables '.'.O and 10 tlie dimensions of pipe flanRes. 

Thr I'dlliiwini!; explanatory notes as well as the Tables and 
h,,,,. friven are from the A. S. M. M. committee’s report, 
'■•ml Standard and Kxtra Heavy UedueiuK Hlbows carry same 
di.nendons centre to face as regular lOlbows of larger straight Size. 


piAMt.rt H of flTTlNG - INCHES. 

P.iirslirisj; Stn'ii^tli of 
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^^(6) Standard and Extra Heavy Tees, Crosses, and Laterals, 
reducing on run only, carry same dimensions face to face as 
larger straight size. 

“(c) If Flanged Fittings for lower working pressure than 125 
pounds are made, they shall conform in all dimensions except 
thickness of shell, to this standard, and shall have the guaranteed 
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Pig. 43. A. S. M. E. Flanged Fittings. 


working pressure cast on each fitting. Flanges for these fittings 
must be of standard dimensions. 

“ (d) Where Long Radius Fittings are specified, it has reference 
only to Elbows which are made in two centre to face dimensions, 
and to be known as Elbows and Long Radius Elbows, the latter 
being used only when so specified. 

“(c) All standard weight fittings must be guaranteed for 125 
pounds working pressure and Extra Heavy Fittings for 250 
pounds working pressure, and each fitting, must have soim^ mark 
cast on it indicating the maker and guaranteed working steam 
pressure. 

“ (/) All extra heavy fittings and flanges to have a raised sur- 
face of Vi6 inch high inside of bolt holes for gaskets. Fig. 44. 



A HANDBOOK ON PIPING 


60 

Standard weight fittings and flanges to be plain faced. Bolt 
holes to be Vs larger in diameter than bolts. Bolt holes to 
straddle centre line. 

“(g) Size of aU fittings scheduled indicates inside diameter of 
ports. 

“ Qi) The face to face dimension of reducers, either straight or 
eccentric, for all pressures, shall be the same face to face as given 
in table of dimensions. 

“ (i) Square head bolts with hexagonal nuts are recommended. 
For bolts, iVs inch diameter and larger, studs with a nut on 
each end are satisfactory. Hexagonal nuts for pipe sizes 1 inch 

to 46 inch, on 125 pounds 
standard, and 1 inch to 16 
inch on 250 pounds standard 
can be conveniently pulled 

Fig. 44. Raised Face on Flange. ^P®^ wrenches of 

minimum design of heads. 

Hexagonal nuts for pipe sizes 48 inch to 100 inch on 125 
pounds, and 18 inch to 48 inch on 250 pound standards can be 
conveniently pulled up with box or socket wrenches. 

^‘(i) Twin Elbows, whether straight or reducing, carry same 
dimensions centre to face and face to face as regular straight size 
ells and tees. Side Outlet Elbows and Side Outlet Tees, whether 
straight or reducing sizes, carry same dimensions centre to face 
and face to face as regular tees having same reductions. 

“(/c) Bull Head Tees or Tees increasing on outlet, will have 
same centre to face and face to face dimensions as a straight fit- 
ting of the size of the outlet. 

^‘{l) Tees and Crosses, 16 inches and down, reducing on the 
outlet, use the same dimensions as straight sizes of the larger port. 
Size 18 inch and up, reducing on the outlet, are made in two 
lengths, depending on the size of the outlet as given in the table 
of dimensions. Laterals, 16 inches and down, reducing on the 
branch, use the same dimensions as straight sizes of the larger 
port. 

'' (m) Sizes 18 inches and up, reducing on the branch, are made 
in two lengths, depending on the size of the branch, as given in 
the table of dimensions. The dimensions of reducing fianged 
fittings are always regulated by the reductions of the outlet or 
branch. Fittings reducing on the run only, the long body pattern 
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win always be used. Y^s are special and are made to suit condi- 
tions. Double sweep tees are not made reducing on the run. 

“(n) Steel Flanges j Fittings^ and Valves are recommended for 
Superheated Steam,” 

TABLE 35 (Fig. 43) 

American Standard Flanged Fittings 


125 Pounds Working Pressure 


Size 

A-A 

A 

B 

c 

D 

E 

F 

G 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1 

7 

3V2 

5 

I’A 

772 

574 

1V4 


1V4 

7V2 

3V4 

S'A 

2 

8 

674 

1V4 


iVi! 

8 

4 

6 

274 

9 

7 

2 


2 

9 

4V2 

6»A 

2V2 

1072 

8 

272 


2V2 

10 

5 

7 

3 

12 

972 

272 


3 

11 

5V2 

7V4 

3 

13 

10 

3 

6 

31/2 

12 

6 

8V2 

3^/2 

1472 

1172 

3 

672 

4 

13 


9 

4 

15 

12 

3 

7 

4V2 

14 

7 

9>A 

4 

1572 

1272 

3 

772 

5 

15 

7V2 

10V4 

472 

17 

1372 

372 

8 

6 

16 

•8 

11V2 

5 

18 

1472 

372 

9 

7 

17 

8V2 

12V4 

572 

2072 

1672 

4 

10 

8 

18 

9 

14 

572 

22 

1772 

472 

11 

9 

20 

10 

15V4 

6 

24 

1972 

472 

1172 

10 

22 

11 

16‘A 

6V2 

2572 

2072 

5 

12 

12 

24 

12 

19 

772 

30 

2472 

572 

14 

14 

28 

14 

2IV2 

772 

33 

27 

6 

16 

15 

29 

14V2 

22V4 

8 

3472 

2872 

6 

17 

16 

30 

15 

24 

8 

3672 

30 

672 

18 

18 

33 

I6V2 

26V2 

872 

39 

32 

7 

19 

20 

36 

18 

29 

972 

43 

35 

8 

20 

22 

40 

20 

3IV2 

10 

46 

3772 

872 

22 

24 

44 

22 

34 

11 

4972 

4072 

9 

24 

26 

46 

23 

361A 

13 

53 

44 

9 

26 

28 

48 

24 

39 

14 

56 

4672 

972 

28 

30 

60 

25 

4IV2 

15 

59 

49 

10 

30 

32 

52 

26 

44 

16 


... 


32 

34 

54 

27 

46V2 

17 




34 

36 

56 

28 

49 

18 




36 

38 

58 

29 

5IV2 

19 




38 

40 

60 

30 

54 

20 




40 


62 
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table 35 (Pig . 43) (Cmtinued) 


American Standard Flanged Fittings 
126 Pounds Working Pressure 


Size 

Inches 

A-A 

Inches 

A 

Inche^ 

B 

Inches 

C 

Inche 

D 

s Inches 

E 

Inches 

F 1 G. 
Inches 

42 

62 

31 

56>A 

21 


~ — 




44 

64 

32 

59 

9/> 



... 

42 

46 

66 

33 

61 V 2 

23 I 



44 

48 

68 

34 

64 

9.4. 


... 

46 

50 

70 

35 

667 , 

25 



... 

48 

62 

74 

37 

69 

26 




50 

54 

78 

39 

717, 

97 




52 

56 

82 

41 

74 

1 28 




54 

58 

84 

42 

767, 

29 


... 


56 

60 

88 

44 

79 

..n ••• ••• 


58 

62 

90 

45 

81 V 2 

31 




60 

64 

94 

47 

84 

1 32 




62 

66 

96 

48 

86 V 2 

33 




64 

68 

100 

50 

89 

34 




66 

70 

102 

51 

91 V 2 

35 



68 

72 

106 

53 

94 

36 

• • • 


70 

74 

108 

54 

967, 

37 




72 

76 

112 

56 

99 

38 




74 

78 

116 

58 

1017 , 

39 


• • * 


76 

80 

118 

59 

104 

40 




78 

82 

120 

60 

IO 6 V 2 

41 




80 

84 

124 

62 

109 

42 




82 

86 

126 

63 

1117 , 

43 




84 

88 

130 

65 

114 

44 




86 

90 

134 

67 

II 6 V 2 

45 



88 

92 

136 

68 

119 

46 



90 

94 

138 

69 

121 1/2 

47 



92 

96 

142 

71 ; 

124 

48 




94 

98 

146 

73 ] 

I 26 V 2 

49 




96 

100 

00 

74 ] 

[29 

50 




98 

100 
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TABLE 36 (Fig. 43) 

Extra Heavy American- Standard Flanged Fittings 
260 Pounds Working Pressure 


Size 

Inches 

A— A 
Inches 

A 

Inches 

B 

Inches 

c 

Inches 

D 

Inches 

E 

Inches 

F 

Inches 

G 

Inches 

1 

8 

4 

5 

2 

81A 

6'A 

2 


1V4 

8^/2 

4V4 

s'A 

21/2 

9‘A 

7*A 

2*A 


IV2 

9 

4V2 

6 

2V4 

11 

8*A 

2*A 


2 

10 

5 

6V2 

3 

li*A 

9 

2*A 


2V2 

11 

5V2 

7 

31/2 

13 

10*A 

2*A 


3 

12 

6 

7V4 

31/2 

14 

11 

3 

6 

3V2 

13 

6V2 

8^/2 

4 

15*A 

12*A 

3 

6V2 

4 

14 

7 

9 

4V2 

16*A 

13*A 

3 

7 

41/2 

15 

7V2 

91/2 

41/2 

18 

14*A 

3*A 

7V2 

5 

16 

8 

IOV4 

5 

18*A 

15 

3>A 

8 

6 

17 

8V2 

IIV2 

51/2 

21*A 

17*A 

4 ^ 

9 

7 

18 

9 

12V4 

6 

23'A 

19 

4*A 

10 

8 

20 

10 

14 

6 

25‘A 

20'A 

5 

11 

9 

21 

IOV2 

15V4 

61/2 

27'A 

22^/2 

5 

IIV2 

10 

23 

IIV2 

I6V2 

7 

29'A 

24 

5'A 

12 

12 

26 

13 

19 

8 

00 

27V2 

6 

14 

14 

30 

15 

2IV2 

81/2 

37'A 

31 

6'A 

16 

15 

31 

151/2 

22V4 

9 

39>A 

33 

6*A 

17 

16 

33 

I6V2 

24 

91/2 

42 

34V2 

7‘A 

18 

18 

36 

18 

26V2 

10 

45*A 

371/2 

8 

19 

20 

39 

191/2 

29 

IOV2 

49 

4OV2 

8‘A 

20 

22 

41 

201/2 

31 ‘A 

11 

53 

431/2 

9'A 

22 

24 

45 

221/2 

34 

12 

57*A 

471/2 

10 

24 

26 

48 

24 

36V2 

13 




26 

28 

52 

26 

39 

14 




28 

30 

55 

271/2 

41 'A 

15 




30 

32 

58 

29 

44 

16 




32 

34 

61 

3OV2 

46‘A 

17 




34 

36 

65 

321/2 

49 

18 




3() 

38 

68 

34 

51 ‘A 

10 




38 

40 

71 

351/2 

54 

20 




40 

42 

74 

37 

56'A 

21 




42 

44 

78 

39 

59 

22 




44 

46 

81 

401/2 

61* A 

23 




46 

48 

84 

42 

64 

24 




48 



64 


A HANDBOOK ON PIPING 


TABLE 37 

American Standard Cast Iron Pipe, Wall Thickness 


126 Pounds Working Pressure 


Diameter 
of Pipe 
Inches 

Thickness 
of Pipe 
Inches 

Minimum 

Thickness 

Inches 

Stress per 
Square 
Inch 
Pounds 

Diameter 
of Pipe 
Inches 

Thickness 
of Pipe 
Inches 

Minimum 

Thickness 

Inches 

Stress per 
Square 
Inch 
Pounds 

1 

.43 

V16 

143 

42 

1.82 

I'Vie 

1448 

1 V 4 

.44 

V16 

178 

44 

1.87 

IVc 

1467 

IV 2 

.45 

V16 

214 

46 

1.94 

l“Ac 

1484 

2 

,46 

V16 

286 

48 

2.00 

2 

1500 

2 V 2 

.48 

V16 

357 

50 

2.07 

2Vi6 

1515 

. 3 

.50 

V16 

428 

52 

2.14 1 

2V8 

1530 

SVj 

.52 

V16 

500 

54 

2.20 

2Vic 

1543 

4 

,53 

‘A 

500 

56 

2.27 

2Vc 

1555 

4 V 2 - 

.55 

V2 

562 

58 

2.34 

2Vi6 

1567 

5 

.56 

‘A 

625 

60 

2.41 

2Vic 

1538 

6 

.60 

Vie 

667 

62 

2.47 

2*A 

1550 

7 

.63 

Vs 

700 

64 

2.54 

2Vi. 

1561 

8 

.66 

'A 

800 

66 

2.61 

2V8 

1572 

9 

.70 

“Ae 

818 

68 

2.68 

2‘Vic 

1582 

10 

.73 


833 

70 

2.74 

2 V 4 

1591 

12 

.80 

'Vic 

923 

72 ^ 

2.81 

2'Vic 

1600 

14 

.86 

Vc 

1000 

74 

2.88 

2V8 

1609 

15 

.90 

Vc 

1072 

76 

2.94 

2'Vic 

1617 

16 

.93 

1 

1000 

78 

3.01 

3 

1625 

18 

1.00 

IVic 

1059 

80 

3.08 

3Vic 

1633 

20 

1.07 

IVs 

nil 

82 

3.15 

3V8 

1640 

22 

1.13 

1 V 16 

1158 

84 

3.21 

3Vi6 

1647 

24 

1,20 

I'A 

1200 

86 

3.28 

3 V 4 

1653 

26 

1.27 

IVi. 

1238 

88 

3.35 

3Vi6 

1660 

28 

1.33 

IVc 

1273 

90 

3.41 

3V8 

1667 

30 

1.40 

IVic 

1304 

92 

3.48 

3V2 

1643 

32 

1.47 

IV 2 

1333 

94 

3.55 

3Vi6 

1649 

34 

1.54 

IVic 

1360 

96 

3.62 

3V8 

1655 

36 

1.60 

IVc 

1385 

98 

3.68 

3'Vic 

1661 

38 

1.67 

I'Vic 

1407 

100 

3.75 

3V4 

1667 

1 

40 

1.73 

iVi 

1428 




1 
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TABLE 38 

Extba Heavy Cast Iron Pipe, Wall Thickness 


260 Pmnds Working Pressure 


Diameter 
of Pipe 
Inches 

Thickness 
of Pipe 
Inches 

Minimum 

Thickness 

Inches 

Stress per 
Square 
Inch 
Pounds 

Diameter 
of Pipe 
Inches 

Thickness 
of Pipe 
Inches 

Minimum 

Thickness 

Inches 

Stress per 
Square 
Inch 
Pounds 

1 

.45 

V 2 

250 





IV 4 

.47 

V 2 

312 

16 

1.27 

l‘A 

1600 

1 V 2 

.49 

V 2 

375 

18 

1.37 

IVs 

1636 

2 

.51 

72 

500 

20 

1.48 

l‘A 

1666 

2 V 2 

.53 

Vi« 

555 

22 

1.59 

IVis 

1760 

3 

.56 

Vie 

667 

24 

1.70 

IVs 

1846 

31/2 

.59 

Vie 

778 

26 

1.81 

I'Vis 

1793 

4 

.61 

Vs 

800 

28 

1.91 

IVs 

1866 

4 V 2 

.64 

Vs 

900 

30 

2.02 

2 

1875 

5 

.67 

“As 

909 

32 

2.13 

2‘/8 

1882 

6 

.72 

V. 

1000 

34 

2.24 

2‘A 

1889 

7 

.78 

‘Vie 

1077 

36 

2.35 

2V8 

1894 

8 

.83 

‘Vie 

1230 

38 

2.46 

2Vie 

1948 

9 

.89 

Vs 

1285 

40 

2.56 

2Vie 

1953 

10 

.94 

‘Vie 

1333 

42 

2.67 

2“/ia 

1953 

12 

1.05 

1 

1500 

44 

2.78 

2*Vie 

1955 

14 

1.16 

l‘/8 

1555 

46 

2.89 

278 

2000 

15 

1.21 

IV 16 

1579 

48 

3.00 

3 

2000 




TABLE 39 




American Stai^ard Pipe Flanges 

— 126 Pounds Working Pressure 


Diameter 

Thickness 

Bolt 

Number 

Size of 

Length 

Length of 

Si^e 

of Flanges 

i of Flanges 

Circle 

of 

Bolts 

of Bolts 

Studs with 

Inches 

Inches 

Inches 

Inches 

Bolts 

Inches 

Inches 

Two Nuts 








Inches 

1 

4 

Vie 

3 

4 

V.. 

i‘A 


1 V 4 

4 V 2 

‘A 

SVs 

4 

Vie 

i‘A 


1 V 2 

5 

Vie 

378 

4 

‘A 

IV 4 


2 

6 

Vs 

4V4 

4 

Vs 

2 


2 V 2 

7 

“Ae 

572 

4 

Vs 

2‘A 


3 

7V2 

Ve 

6 

4 

Vs 

2‘A 


3 V 2 

8 V 2 

‘Vie 

7 

4 

Vs 

2‘A 


4 

9 

‘Vie 

7 ‘A 

8 

Vs 

2 V 4 


4V2 

97. 

‘Vic 

7V4 

8 

V 4 

3 


5 

10 

‘Vie 

8‘A 

8 

Vi 

3 


6 

11 

1 

9‘A 

8 

Ve 

3 


7 

12 V 2 

IV 16 

10 V 4 

8 

V 4 

3 


8 

1372 

l‘/s 

11 V 4 

8 

V 4 

374 


9 

15 

l‘A 

13'/. 

12 

V 4 

374 


10 

16 

'IVie 

14‘A 

12 

Vs 

3‘A 


12 

19 

l‘A 

17 

12 

7s 

374 


14 

21 

IVs 

18 V 4 

12 

1 

474 


15 

227. 

1 IVs 

20 

16 

1 

4‘A 
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TABLE 39 {Continued) 


American Standard Pipe Flanges — 125 Pounds Working Pressure 


Size 

Inches 

Diameter 
of Flanges ( 
Inches 

Thickness 

Flanges 

Inches 

Bolt 

Circle 

Inches 

Number 

of 

Bolts 

Size of 
Bolts 
Inches 

Length 
of Bolts 
Inches 

Length of 
Studs with 
Two Nuts 
Inches 

16 

23V2 

1V16 

211/1 

16 

1 

474 


18 

25 

1V16 

221/4 

16 

IVs 

41/4 


20 

271/2 

PVxe 

25 

20 

iVs 

5 


22 

291/2 

111/10 

271/4 

20 

11/4 

572 


24 

32 

IVs 

291/2 

20 

11/4 

5Vs 


26 

341/4 

2 

311/4 

24 

11/4 

574 


28 

361/2 

2^/ IG 

34 

28 

1V4 

6 


30 

38V4 

21/8 

36 

28 

ll/s 

61/4 


32 

4IV4 

21/4 

331/2 

28 

11/2 

672 


34 

431/4 

2 Vi 6 

401/2 

32 

IVs 

61/s 


36 

46 

2V8 

421/4 

32 

IVs 

7 


38 

431/4 

21/8 

451/4 

32 

IVs 

7 

9 

40 

501/4 

21/2 

471/4 

36 

IVs 

7 

9 

42 

53 

2V8 

CD 

36 

IVs 

7Vs 

9Vs 

44 

551/4 

2V8 

511/4 

40 

IVs 

7Vs 

91/2 

46 

571/* 

2''/io 

531/4 

40 

IVs 

7Vs 

91/2 

48 

591/2 

21/4 

56 

44 

IVs 

8 

91/2 

50 

6IV4 

2 V 4 

531/4 

44 

1V4 

8 

10 

52 

64 

2V8 

6072 

44 1 

11/4 

8 

lOVs 

54 1 

66‘/4 

3 

6274 

44 

1V4 

8Vs 

101/2 

56 

681/4 

3 

65 

48 

1V4 

872 

IOV2 

58 

71 

378 

671/4 

48 

1V4 

9 

11 

60 

73 

378 

6974 

52 

1V4 

9 

11 

62 

751/4 

374 

7174 

52 

IVs 

9 

IIV2 

64 

78 

374 

74 

52 

IVs 

9 

IIV2 

66 

80 

378 

76 

52 

IVs 

972 

IIV2 

68 

82 '/4 

378 

731/4 

56 

IVs 

972 

IIV2 

70 

84 '/2 

372 

80‘/2 

56 

IVs 

10 

12 

72 

861/2 

372 

8272 

60 

IVs 

10 

12 

74 

88'/2 

37« 

341/2 

60 

IVs 

10 

12 

76 

901/4 

37« 

861/2 

60 

7V» 

10 

12 

78 

93 

374 

S 81/4 

60 

2 

1072 

I 2 V 2 

80 

951/4 

374 

91 

60 

2 

1072 

I 2 V 2 

82 

971/2 

37« 

931/4 

60 

2 

1072 

13 

84 

991/4 

37« 

951/2 

64 

2 

1072 

13 

8() 

102 

4 

971/4 

64 

2 

11 

13 

88 

1041/4 

4 

100 

68 

2 

11 

13 

90 

1001/2 

478 

1021/4 

68 

21/s 

1172 

14 

92 

1081/4 

478 

1041/2 

68 

2Vs 

1172 

14 

94 

111 

474 

1001/4 

68 

21/8 

1172 

14 

96 

1131/4 

474 

10S1/2 

68 

21/4 

1172 

1472 

98 

1151/2 

478 

1101/4 

68 

21/4 

12 

I 4 V 2 

100 

1171/4 

47« 

113 

68 

21/4 

12 

1472 
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TABLE 40 

Extra Heavy American Standard Pipe Flanges 


260 Pounds Working Pressure 


Size 

Inches 

1 

Diameter 
of Flanges 
Inches 

Thickness 
of Flanges 
Inches 

Bolt 

Circle 

Inches 

Number 

of 

Bolts 

Size of 
Bolts 
Inches 

Length of 
Bolts 
Inches 

Length of 
Studs with 
Two Nuts 
Inches 

1 

472 

^Vi6 

374 

4 

72 

2 


1V4 

5 

74 

374 

4 

V2 

274 


1V2 

6 

*7i6 

41/2 

4 

Vs 

272 


2 

672 

Vs 

5 

4 

Vs 

272 


2V2 

772 

1 

578 

4 

74 

3 


3 

874 

178 

678 

8 

74 

374 


372 

9 

17i6 

774 

8 

74 

374 


4 

10 

174 

77* 

8 

74 

372 


472 

1072 

1V16 

872 

8 

74 

3^/2 


5 

11 

IVs 

974 

8 

74 

3V4 


6 

1272 

1V16 

lOVs 

12 

74 

3V4 


7 

14 

172 

1178 

12 

Vs 

4 


8 

15 

IVs 

13 

12 

Vs 

474 


9 

1674 

174 

14 

12 

1 

43/4 


10 

1772 

IVs 

1574 

16 

1 

5 


12 

2072 

2 

1774 

16 

IVs 

51/2 


14 

23 

278 

2074 

20 

178 

5V4 


15 

2472 

27i6 

2172 

20 

174 

6 


16 

2572 

274 

2272 

20 

174 

6 


18 

28 

278 

2474 

24 

174 

6V4 


20 

3072 

272 

27 

24 

IVs 

6V4 


22 

33 

278 

2974 

24 

172 

7 


24 

36 

274 

32 

24 

IVs 

7V2 

972 

26 

3874 

2‘7i8 

3472 

28 

IVs 

8 

10 

28 

4074 

2‘7i« 

37 

28 

IVs 

8 

10 

30 

43 

3 

3974 

28 

174 

8V2 

1072 

32 

4574 

378 

41 V2 

28 ! 

17s 

9 

11 

34 

4772 

374 

4372 

28 j 

IVs 

9 

1172 

36 

50 

378 

46 

32 

178 

972 

1172 

38 

5274 

3Vio 

48 

32 ' 

17s 

972 

1172 

40 

5472 

37i» 

5074 

36 1 

IVs 

10 

12 

42 

57 

3 ' 7 i 6 

522/4 

36 i 

IVs 

10 

12 

44 

5974 

374 

55 

36 

2 

1072 

1272 

46 

6172 

378 

5774 

40 

2 

1072 

13 

48 

65 

4 

6O2/4 

40 

2 

11 

13 


Reducing Fittings. — The sizes for reducing fittings are given 
in Tables 41, 42, 43, and 44. 



68 


A HANDBOOK ON PIPING 


On all reducing tees and crosses from 1 inch to 16 inches, in- 
clusive, the centre to face dimension of the various outlets is the 
same on fittings of the same size run. Thus a 5 x 5 X 1 tee has 
the same centre to face dimension as a 5 x 5 x 5 tee, and is inter- 
changeable with any combination of 5 inch cross. For sizes 18 
inches and up interchangeability exists in two classes, one for 
short body patterns and one for long body patterns. 



Fig. 45, Short Body Reducing Crosses and Tees. 


TABLE 41 (Fig. 45) 

American Standard Reducing Tees and Crosses 
Short Body Pattern 


126 Pounds f Working Pressure 


Size 

Inches 

Size of 
Outlet 
and 

Smaller 

Inches 

B-B 

Inches 

B 

Inches 

C 

Inches 

Size 

Inches 

Size of 
Outlet 
and 

Smaller 

Inches 

B-B 

Inches 

B 

Inches 

C 

Inches 

18 

12 

26 

13 

15V2 

60 

40 

66 ' 

33 

41 

20 

14 

28 

14 

17 

62 

40 

66 

33 

42 

22 

15 

28 

14 

18 

64 

42 

68 

34 

44 

24 

16 

30 

15 

19 

66 

44 

70 

35 

45 

26 

18 

32 

16 

20 

68 

44 

70 

35 

46 

28 

18 

32 

16 

21 

70 

46 

64 

37 

47 

30 

20 

36 

18 

23 

72 

48 

80 

40 

48 

32 

20 

36 

18 

24 

74 

48 

80 

40 

49 

34 

22 

38 

19 

25 

76 

50 

84 

42 

50 

36 

24 

40 

20 

26 

78 

52 

86 

43 

52 

38 

24 

40 

20 

28 

80 

52 

86 

43 

53 

40 

26 

44 

22 

29 

82 

54 

88 

44 

54 

42 

28 

46 

23 

30 

84 

56 

94 

47 

56 

44 

28 

46 

23 

31 

86 

56 

94 

47 

57 

46 

30 

48 

24 

33 

88 

58 

96 

48 

58 

48 

32 

52 

26 

34 

90 

60 

100 

50 

61 

50 

32 

52 

26 

35 

92 

60 

100 

50 

62 

52 

34 

54 

27 

36 

94 

62 

104 

52 

63 

54 

36 

58 

29 

37 

96 

64 

106 

53 

64 

56 

36 

58 

29 

39 

98 

64 

106 

53 

65 

58 

38 

62 

31 

40 

100 

66 

no 

55 

67 
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TABLE 42 (Fig. 45) 

Extra Heavy American Standard Reducing Tees and Crosses 
Short Body Pattern 


250 Pounds. Working Pressure 


Size 

Inches 

Size of 
Outlet 
and 

Smaller 

Inches 

B-B 

Inches 

B 

Inches 

c 

Inches 

Size 

Inches 

Size of . 
Outlet 
and 

Smaller 

Inches 

B-B 

Inches 

B 

Inches 

c 

Inches 

18 

12 

28 

14 

17 

34 

22 

44 

22 

28 

20 

14 

31 

ISVa 

18V2 

36 

24 

47 

2372 

2972 

22 

15 

33 

I6V2 

20 

38 

24 

47 

2372 

3072 

24 

16 

34 

17 

21V2 

40 

26 

50 

25 

3172 

26 

18 

38 

19 

23 

42 

28 

53 

2672 

3372 

28 

18 

38 

19 

24 

44 

28 

53 

2672 

3472 

30 

20 

41 

2OV2 

2572 

46 

30 

55 

2772 

3572 

32 

20 

41 

20‘A 

2672 

48 

32 

58 

29 

3772 



Fig. 46. Short Body Reducing 
Laterals. 


Fig. 47. Long Body Reducing 
Laterals. 


TABLE 43 

American Standard Reducing Laterals 
Short Body Pattern (Fig. 46) 


126 Pounds Working Pressure 


Size 

Inches 

Size of Branch 
and Smaller 
Inches 

Inches 

D 

Inches 

E 

Inches 

F 

Inches 

18 

9 

26 

25 

1 

2772 

20 

10 

28 

27 

1 

2972 

22 

10 

29 

28V2 

V 2 

3172 

24 

12 

32 

31 V 2 

V 2 

CO 

26 

12 

35 

35 

0 

38 

28 

14 

37 

37 

0 

40 

30 

15 

39 

39 

0 

42 
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Long Body Pattern (Fig. 47) 


Size 

Inches 

Size of Branch 
and Larger 
Inches 

C 

Inches 

D 

Inches 

E 

Inches 

18 

10 

39 

32 

7 

20 

12 

43 

35 

- 

22 

12 

46 

37‘A 

8 

24 

14 

49V2 

4OV2 

9 

26 

14 

53 

44 

9 

28 

15 

56 

m/i 

9V2 

30 

16 

59 

49 

10 


F 

Inches 


32 

35 

37V2 

4OV2 

44 

46V2 

49 


TABLE 44 

Extra Heavy American Standard Reducing Laterals 
Short Body Pattern (Fig. 46) 


250 Pounds Working Pressure 


Size 

Inches 

Size of Branch 
and Smaller 
Inches 

C 

Inches 

D 

Inches 

E 

Inches 

F 

Inches 

18 

9 

34 

31 

3 

32V2 

20 

10 

37 

34 

3 


22 

10 

40 

37 

3 


24 

12 

44 

41 

3 

43 


Long Body Pattern (Fig. 47) 


Size 

Inches 

Size of Branch 
and Larger 
Inches 

C 

Inches 

D 

Inches 

E 

Inches 

P 

Inches 

18 

10 

4.5>A 

! 



20 

12 

49 




22 

12 

53 




24 

14 

57>A 





Cast Steel Fittings. — Walworth Company list cast steel fit- 
tings for steam pressures up to 350 pounds working pressure, and 
total temperature of 800 degrees, or working water pressures of 

1,000 pounds for 2 inch to 4 inch sizes. 

800 pounds for 4 V 2 inch to 8 inch sizes. 

500 pounds for 9 inch to 24 inch sizes. 
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These fittings have the same dimensions as extra heavy cast iron 
fittings but are made from steel, having a tensile strength of 
^ 60,000 pounds. 

Ammonia Fittings. — For ammonia piping malleable iron 
screwed fittings are made with a recess for soldering to insure 
tightness. Flange fittings are made tongued and grooved and 
provided with gaskets. The flanges may be round, square, or 



oval. Fig. 48 shows some flanged ammonia fittings, and Table 
45 gives the sizes of lead or rubber gaskets for tongued and grooved 
ammonia joints, as made by the Walworth Company. 

TABLE 45 


Ammonia Gaskets for Tongued and Grooved Joints 


Size 

Inches 

Outside 

Diameter 

Inches 

Inside 

Diameter 

Inches 

Size 

Inches 

Outside 

Diameter 

Inches 

Inside 

Diameter 

Inches 

'A 

"As 

'Vss 

2 

3Vs2 

2Vi6 

Vs 

V/n 


2 V 2 

321/32 

2 IV 16 

Vs 

V/Z'l 

Vs 

3 

4Vs2 

3Vi6 

’A 

1‘VS2 

IVs 

3 V 2 

4”A2 

4Vi6 

1 

nVas 

IVs 

4 

5‘V32 

4Vi6 

i‘A 

2Va 

I'Vie 

5 

6"/32 

5V8 

I'A 

2‘Vs2 

I'Vio 

6 

7"A2 

611/16 
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British Standard Pipe Flanges and Fittings. — The dimensions 
for standard pipe flanges used in England are given in Tables 46 
and 47. 

TABLE 46 

British Standard Pipe Flanges 

, For Wcyrking Steam Pressures up to 55 Pounds per Square Inch, and for 
Water Pressure up to WO Pounds per Square Inch 


This table does not apply to boiler feed pipes, or other water pipes subject 
to exceptional shocks. 


Internal 
Diameter 
of Pipe 

Inohes 

Diameter 
of Flange 

Inches 

Diameter 
of Bolt 
Circle 

Inches 

Number’ 

of 

Bolts 

Diameter 
of Bolts 

Inches 

Thi( 

Cast Iron 
and Steel 
or Iron 
Welded on 

1 Inches 

jkness of Fli 

Cast 

Steel and 
Bronze 

Inches 

inges 

Stamped 
or Forged 
Wrought 
Iron or 
Steel 
Inches 

V2 

3V4 

278 

4 

72 

72 

Vs 

Vie 

V4 

4 

278 

4 

72 

72 

Vs 

Vic 

1 

4*A 

374 

4 

72 

72 

Vs 

Vi. 

1V4 

4V4 

37i6 

4 

72 

Vs 

72 

Vs 

IV 2 

51/4 

378 

4 

72 

Vs 

72 

Vs 

2 

6 

478 

4 

78 

Vs 

Vie 

Vi. 

2 V 2 

6 V 2 

5 

4 

7* 

Vs 

Vie 

Vic 

3 

7V4 

574 

4 

Vs 

Vs 

Vie 

Vs 

3 V 2 

8 

672 

1 4 

Vs 

Vs 

Vie 

Vs 

4 I 

8 V 2 

7 

! 4 

Vs 

7s 

“/le 

Vs 

4 V 2 I 

9 

772 

‘ 8 

Vs 

Vs 

’Vie 

Vis 

5 

10 

874 

8 

Vs 

Vs 

'Vie 

72 

b 

11 

974 

8 

Vs 

Vs 

“Ac 

72 

7 

12 

1074 

8 

Vs 

1 

Vs 

72 

8 

1374 

1172 

8 

Vs 

1 

Vs ■ 

72 ■ 

9 

1472 

1274 

8 

Vs 

1 

Vs 

Vs 

10 

16 

14 

8 

74 

1 

Vs 

Vs 

12 

18 

16 

12 

V4 

17s 

Vs 

Vs 

14 

2 OV 4 

1872 

12 

Vs 

17s 

1 

Vs 

15 

2174 

1972 

12 

7s 

174 

1 

Vs 

16 

2274 

2072 

12 

Vs 

17s 

1 

Vs 

18 

2574 

23 

12 

7« 

I'Vs 

17s 

Vs 

20 

2774 

2574 

16 

7s 

172 

174 

1 

24 

3272 

2974 

16 

1 

IVs 

IVs 

17s 


Bolt-holes. — For V 2 -inch and ^/s-inch bolts the diameters of the holes 
to be Vi6“inch larger than the diameters of the bolts, and for larger sizes of 
bolts, Vs inch. Bolt-holes to be drilled off centre lines. 
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TABLE 47 

British Standard Pipe Flanges 


For Worrking Pressures up to ISS Pounds, SS5 Pounds, and SS5 Pounds per 

Square Inch 


Internal 
Diam. 
of Pipe 

Diam. 

of 

Flange 

Diam. 
of Bolt 
Circle 

Number 

of 

Bolts 

Diameter of 
Bolts 

Thickness of Flanges 

Cast Iron, and 
Steel or Iron 
Welded on 

Steel (Cast or 
Riveted on) 
and Bronze 


125 Lbs. 

125 Lbs. 

125 Lbs. 





1 





225 Lbs. 

225 Lbs. 

225 Lbs. 

125 Lbs. 


125 

225 

325 

126 

225 

325 


325 Lbs. 

325 Lbs. 

325 Lbs. 

225 Lbs. 

325 Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Inches 

Inches 

Inches 


Inches 

Inches 

In. 

In. 

In. 

In. 

In. 

In- 

V2 

33/4 

2V8 

4 

V 2 

1/2 

1/2 

V 2 

Vs 

3/8 

V 16 

Vs 

V4 


2V8 

4 

V 2 

1/2 

1/2 

V 2 

Vs 

3/8 

V 16 

Vs 

1 

43/4 

3Vi8 

4 

Vs 

Vs 

V 2 

Vs 

V4 

Vs 

V 2 

ii/ie 

1V4 

51/4 

3V8 

4 

Vs 

Vs 

Vs 

Vs 

3/4 

V 2 

V 2 

11/16 

IV 2 

51/2 

41/8 

4 

Vs 

Vs 

Vs 

V4 

Vs 

1/2 

V 16 

3/, 

2 

6 V 2 

5 

4 

Vs 

V4 

V4 

Vs 

1 

Vs 

ii/u 

Vs 

21/2 

7V4 

53/4 

8 

Vs 

V4 

V4 

1 Vs 

1 

i Vs 

ii/u 

Vs 

3 

8 

61/2 

8 

Vs 

V4 

V4 

1 

1 V 4 

Vs 

3/4 

1 

31/2 

8 V 2 

7 

8 

Vs 

V4 

Vs 

1 

11/4 

3/4 

3/4 

1 

4 


71/2 

8 

Vs 

V4 

Vs 

IVs 

13/8 

3/4 

Vs 

ll/s 

41/2 

10 

81/4 

8 

V4 

Vs 

Vs 

ll/s 

13/8 

3/4 

Vs 

ll/s 

6 

11 

91/4 

8 

V4 

Vs 

1 

11/4 

11/2 

Vs 

1 

11/4 

6 

12 

101/4 

12 

V4 

Vs 

1 

11/4 

11/2 

Vs 

1 

11/4 

7 

13V4 

111/2 

12 

V4 

Vs 

1 

13/8 

IVs 

Vs 

ll/s 

13/8 

8 

141/2 

123/4 

12 

V4 

Vs 

ll/s 

13/8 

IVs 

1 

iVs 

13/8 

9 

16 

14 

12 

Vs 

1 

ll/s 

11/2 

13/4 

1 

11/4 

11/2 

10 

17 

15 

12 

’/s 

1 

ll/s 

IV 2 

IVs 

1 

11/4 

iVs 

12 

191/4 

171/4 

16 

Vs 

1 

11/4 

IVs 

2 

ll/s 

13/8 

13/4 

14 

2 I 8/4 

191/2 

16 

1 

IVs 

13/8 

13/4 

21/8 

11/4 

11/2 

IVs 

15 

223/4 

201/2 

16 

1 

ll/s 

13/8 

IVs 

21/8 

1 V 4 

IVs 

IVs 

16 

24 

213/4 

20 

1 

IVs 

l-Vs 

IVs 

21/4 

11/4 

IVs 

2 

18 

261/2 

24 

20 

iVs 

11/4 

11/2 

2 

23/8 

13/8 

13/4 

21/8 

20 

20 

261/2 

24 

IVs 

11/4 

IVs 

21/8 

21/2 

11/2 

IVs 

21/4 

22 

31 

281/2 

24 

11/8 

11/4 

IVs 

21/4 

23/8 

11/2 

2 

23/8 

24- 

331/2 

308/4 

24 



11/4 

13/8 

13/4 

23/8 

23/4 

13/8 

21/8 

21/2 


Bolt-holes. — For Va-inch and ‘^/s-inch bolts the diameters of the holes to be ^/le-inch 
larger than the diameters of the bolts, and for larger sizes of bolts, Vs-inch. Bolt-holes to be 
drilled off center lines. 


The Engineering Standards Committee gives four classes 
according to pressure, as follows: low pressure for steam up to 
55 pounds, and water up to 200 pounds per square inch; inter- 
mediate pressure for steam over 55 pounds and not exceeding 
125 pounds; high pressure for steam pressure over 125 pounds, 
and not exceeding 225 pounds; extra high pressure for steam 
pressure over 225 pounds and not exceeding 325 pounds. 
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General dimensions for British Standard Flanged Fittings are 
given in Tables 48 and 49 for short tees and bends of cast material 
and for long bends of wrought iron and steel. 




Fig. 49. British Standard Short Tees and Bends. 
TABLE 48 (Pig. 49) 

British Standard Short Bends and Tees 


S25 Pounds Working Pressure 


Size 

A 

R 

Size 

A 

R 

D 



D 



Inches 

Inches 

Inches 

Inches 

Inches 

Inches 


3V2 

2V2 

7 

10 

774 

V4 

S’A 

2V4 

8 

11 

874 

1 

4 

2V4 

9 

12 

9 

DA 

47. 

3 

10 

13 

10 

1V2 

4V2 

3 

12 

15 

11V4 

2 

5 

3V4 

14 

17 

1372 

2V2 

5V2 

3V4 

15 

18 

1474 

3 

6 

4 

16 

19 

1574 

3V2 

6V2 

4V2 

18 

21 

17 

4 

7 

4V4 

20 

23 

I8V4 

5 

8 

572 

21 

24 

1972 

6 

9 

67* 

24 

27 

2274 



Fig. 50. British Standard Long Bends. 
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TABLE 49 (Fig. 50) 

Bbitish Standard Long Bends op Wrought Iron and Steel 


Size 

A 

B 

R 

Size 

A 

B 

R 

D 




D 




Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

V 2 

472 

2V2 

2 

6 

25 

7 

18 

V 4 

5 

2V2 

2 V 2 

7 

3FA 

7 

247j 

1 

6 

3 

3 

8 

36 

8 

28 

FA 

6V4 

3 

33/4 

9 

3972 

8 

3FA 

FA 

7 V 2 

3 

41/2 

10 

49 

9 

40 

2 

91/2 

31/2 

6 

12 

58 

10 

48 

2^1 2 

11 V 2 

4 

71/2 

14 

74 

11 

63 

3 

13 

4 

9 

15 

791/2 

12 

671/2 

3 V 2 

151/2 

5 

IOV 2 

16 

93 

13 

80 

4 

17 

5 

12 

18 

104 

14 

90 

5 

21 

6 

15 

20 

126 

16 

no 


i'’ '.I 



CHAPTER V 
PIPE JOINTS 

There are a great many kinds of joints used for connecting 
pieces of pipe. Some forms are described in this chapter but 
there are many others which space does not permit showing. The 
ideal arrangement would be to have the pipe in one continuous 
piece, but this is not practicable, although the number of joints 



can be greatly reduced by using welded joints. The question of 
joints should receive very careful attention and the type selected 
which will best meet the conditions involved. 

Welded Joints. — Any means of reducing the number of joints 
to be made in pipe lines is distinctly worth while as it makes 



Fig. 52 . Interlock Welded Necks. 


fewer chances for leakage, lessens repairs, and is generally com- 
mendable. The oxy-acetylene blow torch is used by the Pitts- 
burg Valve, Foundry, and Construction Company for doing 
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welded work, as illustrated in the patented joints shown in Figs. 
51 and 52. The '^Atwood line weld/' Fig. 51, allows the fabrica- 
tion of pipes into lengths as long as can be handled for shipment, 
with a consequent reduction by about fifty per cent of the number 




of flange j oints in the line. For connecting branch lines of wrought 
pipe in mains of the same material, interlock welded necks" 
are made use of to eliminate cast fittings. This appears to good 
advantage in welded headers where the weight is reduced in addi- 
tion to doing away with a large number of joints. The method 
of making this connection is shown in Fig. 52. 

Screw Unions. — For joining two lengths of small screwed 
pipe, couplings are in general use, as described in Chapter IV, 



Table 20. When the joint must be unmade frequently, or for 
making the last joint in a line, unions may be used. Fig. 53 shows 
a union made of malleable iron with a brass seat forced into place 
so that contact is between iron and brass. Both ends are ground 
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together, making a tight joint. Fig. 54 shows a union made of 
malleable iron, using a metallic gasket to make a tight joint. The 
Kewanee Union shown in Fig. 55 is made by the National Tube 
Company. Part A is made of brass, giving a brass to iron thread 
connection, and a brass to iron ball joint seat. Fig. 56 shows 
the Dart Union, having inserted brass seats. Unions are also 
made entirely of brass. Table 50 gives the dimensions of Crane 
Company Unions. 



■Figs. 57. Screwed Unions. 


TABLE 50 (Fig. 57) 


Cbanb Malleable Iron Unions, Union Ells, Union Tees 


Size 

Inches 

Elbows 
and Tees 

A 

Inches 

Union, 

Male 

B 

Inches 

Union, 

Female 

C 

Inches 

Standard 
Union , 

D 

Inches 

Crane and 
Navy 
Unions 

D 

Inches 

Standard 
and Rail- 
road Unions 
with Male 
and Female 
Ends 

E 

Inches 

Vs ■ 




i‘A 



1/4 

‘V18 

2Vu 

I’Vio 

IVs 

2Vu 

2 V 4 

Vs 1 

“/16 

2V4 

2Vi8 

IV4 

2 V 4 

2Vis 

V 2 

IVs 

3 Vif. 

2Vi8 

UA 

2Vi6 

2^Vi6 

V 4 

1V16 

3 V 2 

2V8 

2V8 

2 ‘A 

3Vi6 

1 

1V16 

3'Vi6 

3 

2V8 

2V8 

35/16 

1 V 4 

1 V 4 

4 Vu 

3 Vio 

2V8 

2^732 

3“/i6 

1 V 2 

UV16 

4V4 

31V16 

2‘Vi« 

3V8 

4 

2 

2 V 4 

5V8 

4 V 8 

31/4 

3Vi6 

4Vi6 

2^/2 

2“/i6 

6 

4 V 8 

3 Vir. 

4Vi« 

4V8 

3 




3 ‘Vio 

4V8 


3 V 2 

... 



4 Vs 



4 




4V2 






Figs. 58 and 59. Flanged Unions. 


Bolt Circles and Drilling. — The diameters of bolt circles, 
sizes of bolts and bolt holes, number of Ixdts, etc., are given 
in Tables 39 and 40, Chapter IV, for the American Standard 
which is generally used in the United Stat(^s. When cast 
steel flanges are used the bolt holes are spot facxxl. This is 
done by facing off around the bolt holes on the l)ack side of 
the flange, where the nut or head of the l)olt l)ears. This 
gives a truer and firmer bearing than can Ix) had with a 
rough casting. 

Flange Facing. — There are a large number of methods of 
facing flanges and providing for the holding of gaskets to make 
tight joints. These may be listed as 



80 


A HANDBOOK ON PIPING 


Straight plain face 
Corrugated; plain face 
Scored; plain face 
Grooved; plain face 


Kaised face for gasket 
Raised face for ground joint 
Tongue and groove 
Male and female 


Fig. 60 shows the plain straight-faced flange commonly employed 
for pressures up to 125 pounds on steam and water. Either a 
full face or ring gasket is used. The full face gasket is a little 
easier to put in place and to centralize with the bore of the pipe. 
Very good results can be obtained by a ring gasket of fair thick- 
ness; so that the gasket will have sufficient pressure exerted upon 
it by the bolts to make a tight joint, before the outside edges of 
the flange meet. 

A corrugated, plain face flange is made by cutting concentric 
curves with a round nosed tool. The corrugations have a tend- 



ency to prevent the gaskets from blowing out. Their use is 
desirable when the fluid conveyed requires extra thick gaskets, 
A scored, plain face flange is one which has concentric rings scored 
upon the face by a diamond-pointed tool. When lead gaskets 
must be used, as on oil and acid lines, this form of flange is de- 
sirable. The lead gasket squeezes into the scores and helps to 
maintain a tight joint without bringing undue strain on the bolts. 
Same forms of grooved flanges are used in which contact is made 
by a copper or lead wire pressed into a groove cut into both 
flanges. This joint is effective, but the flanges must be strong 
to withstand the stresses set up when the bolts are tightened. 

A very satisfactory joint for high pressure steam lines is made 
by raising the face of the flange between the inside of the bolt 
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holes and the bore Vie inch above the rest of the flange, Fig. 61. 
The entire force exerted by the bolts is concentrated at the joint 
without danger of the edges of the flanges coming together, mak- 
ing an efficient joint. Such flange faces are advised by the 
A. S. M. E. Committee for all flanges and fittings for use with 
pressures above 125 pounds. 

It is essential that no organic matter should be in contact with 
superheated steam as it will carbonize. For such use the raised 
faces of Fig. 61 may be ground, giving a metal to metal joint. 
Special gaskets may be had for superheated steam. 

The tongued and grooved flange shown in Fig. 62 provides a 
recess to hold the packing in place so that it cannot blow out. 



Fig. 62. Tongued and Grooved Flanges. Fig. 63. Male and Female 

Flanges. 

The male and female flanges shown in Fig. 63 are used con- 
siderably on high pressure hydraulic lines and to some extent 
on high pressure steam lines. The gasket is held securely in place, 
but both Figs. 62 and 63 are difficult to take down as they must 
be separated a distance equal to the projection before the pipe 
can be moved. 

Flange Joints for Steel Pipe. — For making joints with wrought 
pipe various forms of flange joints are made, of which the follow- 
ing may be mentioned: 


Screwed 

Screwed and calked 
Screwed and welded 
Welded 


Rolled joint 
Riveted and shrunk 
Swivel 
Shrunk joint 


The screwed joint shown in Fig. 60 is a common method of attach- 
ing flanges. The flange is screwed on until the pipe projects 


82 


A HANDBOOK ON PIPING 


through, then the flange and pipe are faced off together. It is 
advisable to have the gasket bear on the end of the pipe to insure 
tightness. The threading weakens the pipe so that for high 
pressures some of the following types are advisable. Flanges 





Fig. 64. Walco-Weld Flange. 


Fig. 65. Flange with Calking Recess. 



are made of cast iron, semi steel, malleable iron, cast steel, * and 
forged steel suitable for the method of joining to the pipe and the 
pressure to be met. 

The Walco-Weld flange. Fig. 64, made by the Walworth Com- 
pany, is made by half-threading on the flange and then welding 
the back by the oxy-acetylene method, thereby completely elimi- 
nating the possibility of an imperfect or incomplete weld, as 

sometimes occurs with 
the furnace-welded 
flange. Flanges with a 
calking recess. Fig. 65, 
are made by the Crane 
Company by cutting a 
recess in the hubs on 
the backs of the flanges. 
This recess is V2 inch 
in depth, V4 inch wide 
sCt top, and Yic inch 
wide at bottom. It 
can be applied to extra 
heavy flanges in sizes from 2 to 24 inch. Flanges so fitted are 
^/2 inch higher than the regular flanges. When the flanges are 
used on cold water, the recesses are filled with lead, and when 
used on steam the recesses are filled with soft copper, which is 




Fig. 66. 

Welded Flange. 


Fig. 67. 
Rolled Joint. 
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calked in firmly to keep the flanges from leaking where they are 
made on pipe. 

Welded joints are made by welding a wrought steel flange to 
the pipe, making them into one piece, as shown in Fig. 66. Fig. 
67 shows a form of rolled 
joint. A groove is turned 
into the flange and the pipe 
rolled into it. The shrunk 
joint is shown in Fig. 68. 

The flange is first bored to a 
shrink fit, and then heated 
and placed over the end of the 68. Shrink Joint, 

pipe which is peened into the 

recess in the flange. Afterwards a facing cut is taken across the 
end of the pipe and flange. The gasket should bear on the end 
of the pipe as the joint between pipe and flange may not be 
absolutely tight. Shrunk joints are also made with either single 
or double riveting. 

The Walmanco joint. Fig. 69, was developed in the Walworth 
shops in 1897. Some of the advantages of this form as stated by 
the makers are : first — the pipe is not weakened by cutting into 
the wall; second — the gasket bears on the face of the lap, and 


Fig. 69. Walmanco Joint. Fig. 70. Cranclap Joint. 

absolutely prevents leakage through the bore of the flange; third 
— the advantage of the flange swiveling on the pipe is obvious to 
the fitter; fourth — the flange has maximum strength, and is 
not subject to torsional strains in attaching. 

The Cranelap joint made by Crane Company is shown in Fig. 
70. The face of the flange is bevelled to the width of the lap, to 
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compensate for the difference in the thickness of the pipe between 
the inside and outside portions of the lap, caused by drawing over 
the pipe, and the lap is made with a square corner so that the 
inside of the pipe runs straight to the face of the joint, as illus- 
trated in Fig. 70. The flanges in these joints are loose and swivel. 
This is a great convenience when it is necessary to change the 
position of bolt holes, which this makes possible. 

Pipe Flange Tables. — The principal dimensions for the vari- 
ous flange joints are given in Tables 51 to 56 inclusive. For 
American standard pipe flanges and British standard pipe flanges 
see Tables 39, 40, 46 and 47 of Chapter IV. 



Long Hub F/crnges 
Cos/ /ron or /^rrosfee/ 


Long L/ub FJcrnges 
/=2>rg<9e/ Sfee/ 


Shorf Hl/b ^Jarjg&s 
Ma/Zeob/e /ron, Cosf CfeoZ 
or Forgee/ 


Fig. 71. Cranelap Flanges. 

TABLE 51 (Fig. 71) 

Extra Heavy Cranelap Pipe Joints 
250 Pounds Working Pressure 


Size 

Inches 

B 

Inches 

Q 

Inches 

G 

Inches 

R 

Inches 

T 

Inches 

1 0 
Inches 

N 

Inches 

A 

Inches 

4 

6Vi6 

5V4 

I'A 

IVs 

eVs 

3V4 

SVs 

1 V 4 

4V2 


6 V 4 

1 V 16 

1 V 4 

7V4 

S'Vie 

374 

l^Vl 8 

5 

TVs 

7 

IVs 

1 V 4 

7V4 

4V8 

374 

IVs 

■ 6 

8^/2 

7‘Vis 

iVio 

1 V 4 

9 

41/4 

31/4 

2 

7 

9V4 

9V8 

I'A 

iVio 

10 

4Vi6 

378 

2^/ 16 

8 

lOVs 

10 V 16 

IVs 

IVs 

11 

4V8 

3 V 2 

3Vi6 

9 

nVs 

nVs 

1 V 4 

1 V 16 

12 V 4 

41 V 16 

3V8 

2 V 4 

10 

ISVs 

12V8 

iVs 

1 V 2 

is'A 

41 V 10 

3V4 

2 V 8 

12 

15V8 

14V4 

2 

IVs 

15V4 

SVis 

4 

2Vi6 

14 

16 V 4 

16V» 

2 V 8 

1 V 4 

17 

5 V 2 

4V8 

2 IV 1 O 

15 

ITVs 

17V4 

2Vi6 

l>Vl 6 

18 

SVs 

4 V 2 

2 IV 16 

16 

19V4 

18Vs 

2 V 4 

IVs 

19 

6 

4V4 

2 V 8 

18 

21 V 2 

2 OV 4 

2V8 

2 

21 'A 

6 V 4 

5 

3'/i6 

20 

23V4 

22 V 2 

2 V 2 

2V4 

23V2 

6 V 2 

5 V 2 

374 

22 

26 

24V4 

2V8 

2 V 4 

25V2 

evs 

5 V 2 

3Vi6 

24 

28 V 4 

27 

2 V 4 

2Vu 

27V2 

7V4 

6V4 

SVa 
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Casf /roJ7 /y^a/AporS/e /ra/? 

Sfee/ Forg^Gc/ Sfee/ 



CasfJror?j Se^rr?/ Stee/f 
fbrg^^cA SA^se/ 


Fig. 72, Walmanco Flanges. 


TABLE 52 (Fig. 72) 

Standard Weight Walmanco Flanges 


New Style 

Low Hub 

High Hub 

Pipe Size 

Inches 

Diameter 
of Flange 

Inches 

Thickness 
through Hub 

Inches 

Thickness 
at Edge 

Inches 

Thickness 

through 

Hub 

Inches 

Thickness 
at Edge 

Inches 

Thickness 

through 

Hub 

Inches 

4 

9 

IVs 

>Vl8 . 

1V16 

“As 

2V8 

41/2 

9V4 

IVs 

^Vie 

1V4 



5 

10 

IVs 

“Ac 

1V16 

“As 

2Vs 

6 

11 

2 

1 

IVis 

1 

2V8 

7 

12V2 

2Vi6 

IV16 

IVs 

IVis 

2V8 

8 

I 3 V 2 

IVa 

IVs 

IVs 

IVs 

3 

9 

15 

21/3 

IVs 

I’A 

IVs 

S'A 

10 

16 

2Vic 

IVio 

IVs 

IVis 

S'A 

12 

19 

2 V 4 

1 V 4 

2Vic 

1 V 4 

41/4 

14 

21 

2V8 

IVs 

2Vio 

IVs 

41/4 

15 

22 V 4 

2Vs 

IVs 

2V.6 

IVs 

41/4 

16 

23V2 

2Vi6 

. 1 V 16 

2Vi6 

1 VI 6 

41/4 

18 

25 

2Vio 

IV.O 

2V8 

IVic 

41/2 

20 

27V2 

2”/is 

I'Vie 

2 V 4 

I'VlS 

41/2 

22 

29V2 

21V16 

l‘Vi« 

2V8 



24 

32 

2V8 

IVs 

3 

IVs 

51/2 

26 

341/2 

3 





28 

36V2 

3Vio 





30 

38V4 

3V8 
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TABLE 53 (Fig. 72) 


Extra Heavy Walmanco Flanges 


Pipe Size 
Inches 

Outside 

Diameter 

Inches 

New Style 

High Hub 

Forged 

Steel 

High Hub 

Diameter 
of Face 

Thick- 
ness of 
Flange 

Diameter 
of Hub 

Thickness 

through 

Hub 

Thickness 

of 

Flange 

Thickness 
of Flange 

4 

10 

6V4 

2 

5V8 

213 /, 0 

1V4 

IVs 

4 V 2 

10V2 

7V2 

2 

63 /i 6 

2V8 

IV16 

IV4 

5 

11 

8 

21/8 

6IV16 

3 

IV. 

IV4 

6 

121/2 

91/4 

21/4 

SVie 

31/, 6 

IV16 

IV4 

7 

14 

101/4 

23/8 

9 

3 Vi 6 

IV. 

IV16 

8 

15 

111/4 

21/2 

10 

3 Vi 6 

IVa 

IVs 

9 

I6V4 

121/2 

23/8 

111/4 

S1V16 

IV4 

iVi. 

10 

171/2 

13V4 

23/4 

123/ic 

31V16 

IVs 

iv. 

12 

2OV2 

16 

3 

14 Vi 6 

43/18 

2 

P/s 

14 

23 

171/4 

31/8 

1511/18 

411/16 

2V8 

1V4 

15 

241/2 

I81/4 

31/4 

17 

43/8 

2 Vi 6 

113/16 

16 

251/2 

191/4 

31/2 

18 

5 

2 V 4 

iv. 

18 

28 

2IV4 

33/8 

20 

53/10 

2 V 8 

2 

20 

301/2 

23V4 

33/4 

221/2 

51/2 

2V2 

2V4 

22 

33 

253/4 

31/8 

241/2 

53/8 

2 V 8 

24 

36 

273/4 

4 

261/2 

61 V ,6 

2V4 



TABLE 54 (Fig. 68) 

Shrunk and Pebned Flanges — Extra Heavy 


Size 

Inches 

Diameter 
of Flange 
Inches 

Cast Flanges 

Forged Flanges 

A 

B 

C 

A 

B 

c 

4 

10 

1V4 

6V16 

374 

178 

53/^4 

31/8 

47 . 

101/2 

P/lB 

6 ' 7 i 6 

31^^6 

1V4 

61/4 

31/4 

5 

11 

13/8 

73/8 

41/8 

174 

7 

31/4 

6 

121/2 

IV16 

872 

41/4 

174 

713/10 

31/4 

7 

14 

iv. 

93/4 

4 Vi 6 

1 *^/ IG 

91/8 

378 

8 

15 

13/8 

lOVs 

43/8 

H/b 

103 /i 6 

31/2 

9 

I6V4 

13/4 

11 Vs 

4 IV 16 

17,6 

113/8 

33/8 

10 

171/2 

IVs 

137 . 

4 IV 16 

172 

123/8 

33/4 

12 

2OV2 

2 

15 V 8 

57 i 6 

13/8 

143/4 

4 

14 

23 

278 

I6V4 

51/2 

13/4 

163/, 6 

43/8 

15 

241/2 

23 /i 6 

1778 

578 

1 ‘ 3 /i 6 

1774 

472 

16 

251/2 

274 

191/4 

6 

IVb 

IS'A 

43/4 

18 

28 

23/8 

211/2 

61/4 

2 

203/4 

6 

20 

301/2 

272 

2374 

61/2 

274 

22V2 

51/2 

22 

33 

23/8 

26 

678 

274 

243/4 

51/2 

24 

36 

23/4 

2874 

71/4 

2Vi6 

27 

674 


TABLE 66 (Fig. 73) 

Extea Heavy Tongued and Grooved Flanges 
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Forged Flanges 

O 



<0 <0 O CO 

<C5 CO ^00 CD to rS CO r-t 

iot^OO?5^cb 

1 — H »«H r— 1 i-H rH tH CO CO C3 CO 


**’ r- <rHt— (i-HT--li-HrHr-<rHt— (i— 1 r— ( i— 1 t— 1 r-l CO CO Cl CO 

Cast Flanges 

a 

<0 to <0 00 00 *° ** oo 

*JZH5l-,^Jli5lH;l<JlHC<jcocicicicococococbcocbrt 

« 

to to ** to S to 

* • • i<9^ 2 “3^ t- ' i5 lO '■ eo '" 

• • •cO'^t^n^iOlOcOCOt^C>O^COT}^lO^OOOOCOT}^0 

1 — IrHi-Hr- lr-(T— IrHCOCOC^CO 

<1 

fMC0»-liO«r^iHiO«Ol^ i-4CO^COr-<iOCO 

Hi 

CA CO CO <0 ^ 

t-<<Or-<<OCO<Or^<^i-W<OCO<OCOCO<DcO CD CO CD CO CO 

^ !h »h^ tH ^ co^ o>'^ o> 04 pH *H 

rHC0C0C0C0'^'^‘OiOi:Ol>0005OrHC0iOI>00OClTt^cC' 

rH rH rH rH tH tH 05 C5 C5 

w 

CO 

00 00 ^OO 

rHCS^COC^^^ioibcDE^oboOTH^irjiFLSDO^^CC 

HS 

COOCOCD cOCOCO CO 

COCOvHCO^«0,-<CO*-tCO COfH COcDCOrHtOtO tOCO 

^ 00^ ^ ^H 2 2 tH t-i CO ' ^ 

COCOCO^'?f<^‘0':DCC>t>-CX)C50rHCO».Ot--COOCOThCOC>0 

^ ^ rH ,-H r-H rH Cl Cl CJ Cl CO 

w 

cicoM^^^o»oiot^oboio^cQ»o^^oci^co5b 

rHrHrHrHTHrHddClClCO 


00 ^ ^ ^ ^ ^ 22“2SS2S!5!2SI2 
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w 
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Size 
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^;l^;l^dC^C0C0TJ^^i0C0^>0005O<^^'^^OcD00OClTf^ 

i-HTHrHr-HrHrHdCOCO 
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Fig. 74. Male and Female Flanges. 


TABLE 56 (Fig. 74 ) 


Extra Heavy Male and Female Flanges 


Size 

Inches 

D 

E 

r 

H 

J 

Cast Flanges 

Forged Flanges 

A 

B 

C 

Af 

B 

G 

1 

41/2 

V16 

Via 

2 Vi 6 

28/8 




Vie. 

2 

1 

Wi 

6 

V16 

Vs 

2 V 4 

213/16 




Vs ' 

21/2 

11/8 

IV2 

6 

V16 

Vs 

31/8 

33/16 




V 4 

2 V 8 

PA 

2 

6V2 

Vx 6 

Vs 

3 V 8 

31I/16 

Vs 

33/1 6 

P/s 

Vs 

33/8 

p/a 

2V2 

71/2 

V16 

Vs 

41/8 

43 /i 8 

1 

4 

P/lO 

1 

41/iB 

P/ia 

3 

81/4 

V16 

Vs 

5 

51/16 

iVs 

43/8 

P/ie 

1 

411/ie 

P/ia 

31/2 

9 

Vifi 

Vs 

51/2 

5 Vi 6 

13 /l 0 

51/4 

P/s 

11/8 

53/16 

P/s 

4 

10 

Via 

Vs 

6 

6I/16 

11/4 

53/4 

P /4 

P/s 

513/ia 

PA 

41/2 

WVs 

Via 

Vs 

61 -'2 

CV16 

iVia 

G 3 /i 6 

113/16 

11/4 

61/4 

113/18 

5 


Via 

Vs 

71/4 

73/16 

13/8 

63/4 

P/s 

PA 

613/16 

P/s 

6 

121/2 

Vie 

Vs 

SVs 

8V1O 

iVie 

713/10 

2 

PA 

TVs 

2 

7 

14 

V 4 

Via 

OVs 

9 Vie 

11/2 

0 

21 /ic 

P/ie 

91/8 

21/16 

8 

15 

V 4 

Via 

10 V 8 

IO11/16 

iVs 

lOVs 

28/16 

PA 

101/8 

23/16 

9 

161/4 

V 4 

Via 

11 Vs 

llii/ia 

13/4 

lli/ic 

21/4 

P/ie 

1P/16 

21/4 

10 

171/2 ' 

V 4 

Via 

128/4 

1213 /ifl 

IVs 

123/8 

23/8 

PA 

12 Vi 6 

2»/8 

12 

201/2 

1/4 

1 Vie 

151/4 

IfiVie 

2 

143/8 

2 Vio 

p /8 

143/8 

2 »/i 6 

14 

23 

V 4 

^/l 6 

IC1/2 

IGVie 

21/8 

lOVs 

211/16 

PA 

1513/16 

211/18 

15 

241/2 

V 4 

! Vie 

171/2 

17 Vie 

23 /io 

1613/10 

213/16 

P 3 /lC 

173/16 

218/16 

16 

251/2 

V 4 

Vie 

I81/2 

ISVie 

21/4 

IS 

2 V 8 

P/s 

201/4 

31/16 

18 

28 

V 4 

i Vie 

21 

2I1/16 

23 /k 

201/8 

31/ 16 

2 

203/8 

31/16 

20 

301/2 

V 4 

! Vie 

23 

231/10 

21/2 

223/10 

31/4 

21/8 

221/2 

31/4 

22 

33 

V 4 

1 Vie 

251/2 

25 Vie 

23/8 

241/2 

3 Vie 

21/4 

243/4 

38/8 

24 

36 

V 4 

1 Vie 

271/2 

27 Vio 

23/4 

2 (j 3/4 

33 /h 

23/8 

2613 /lG 

3«/8 


Special Connections. — Several forms of special connections for 
lap-welded steel pipe, as made by the American Spiral Pipe Works, 
are shown in Figs. 75 to 80. The flanges are all made of forged 
steel. Fig. 75 shows a riveted steel flange connection which is 
made in different standards for high and low pressure work. Fig. 
76 shows a welded steel flange with follower rings, a form of con- 
nection especially suited for high pressure work. A field riveted 
joint suitable for long lines whei*e fa(*.iliti(^.s are ample for rivet- 
ing up at destination, is shown in Fig. 77. It possesses many 
advantages over the ordinary field joint as the taper end may 
be inserted into the flared end without difficulty, thus enabling 
holes to be brought quickly into alignment. 



PIPE JOINTS 


89 


A form of bell and spigot lead joint for low pressure water 
lines is shown in Fig. 78. It requires a less amount of lead than 



Fig. 75. Riveted Flanges. Fig. 76. Flanges with Follower Rings. 


ordinary cast pipe. The bolted socket joint shown in Fig. 79 is 
Especially suited for long line work or for connections on submerged 



pipe lines as it allows for a slight deflection at each joint. The 
standard bolted joint connection shown in Fig. 80 forms an ex- 



pansion joint and permits a deflection or slight angle to be made 
at each loint. 
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Converse Joints. — The Converse lock joint pipe, Fig. 81, and 
the Matheson joint pipe, Fig. 82, are made by the National Tube 
Company in sizes ranging from 2 inches to 30 inches outside 
diameter, and about 18 feet long. The joints are made with 



lead. The Converse Lock Joint is made by means of a cast iron 
hub whose inner surface has an inwardly projecting ring at mid- 
length; on each side of this ring are two wedge-shaped pockets, 
diametrically opposite; near each mouth of the hub is a recess 
for lead. Close to each end of the pipe are two strong rivets, 
placed at such distance from the end that when the pipe is inserted 

into the hub and 
slightly rotated, 
the rivets engage 
the slopes of the 
wedge-shaped pock- 
ets and force the 
end of the pipe 
against the central 
ring of the hub. 
Lead is then pour- 
ed into the recess 
provided for it, 
and securely calked. Table 57 gives standard sizes, thicknesses, 
etc., for Converse joint pipe. 

Matheson Joints. — Matheson joint pipe is a pipe with a joint 
of a bell and spigot type, very similar in appearance to a cast iron 



Fig. S2. Matheson Joint. 
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TABLE 57 (Fig. 81) 
Converse Lock Joint Pipe 


External 

Diameter 

Thick- 

ness 

Weight 
per Foot 
Plain Ends 

j Hub — Cast Iron 

Weight 
of Lead 
for Field 
End 

Weight per 
Foot 

Complete, 
Including 
Hub Leaded 
on Mill End 

Mill 

Test 

Diameter 

D 

Length 

L 

Weight 

2.00 

.095 

1.932 

3V4 

31/2 

4.25 

1.00 

2.207 

700 

3.00 

.109 

3.365 

SVs 

3V4 

8.50 

2.25 

3.931 

700 

4.00 

.128 

5.293 

6V4 

4 

10.50 

3.00 

5.991 

600 

5.00 

.134 

6.963 

7V4 

41/4 

15.00 

3.75 

7.932 

600 

6.00 

.140 

8.762 

8V4 

41/2 

19.00 

4.50 

9.969 

600 

7.00 

.149 

10.902 

9V2 

41/2 

24.00 

5.50 

12.419 

600 

8.00 

.158 

13.233 

10V2 

41/4 

28.25 

6.50 

15.008 

600 

9.00 

.167 

15.754 

11V4 

41/4 

34.50 

8.50 

17.958 

500 

10.00 

.175 

18.363 

12V4 

5 

39.00 

9.00 

20.801 

500 

11.00 

.185 

21.368 

13V4 

5 

41.50 

10.00 

23.963 

500 

12.00 

.194 

24.461 

15 

51/2 

55.00 

11.00 

27.795 

500 

13.00 

.202 

27.610 

levs 

51/2 

59.00 

12.00 

31.179 

500 

14.00 

,210 

30.928 

171/8 

51/4 

67.00 

14.50 

35.013 

500 

15.00 

.222 

35.038 

isVs 

51/4 

78.00 

15.50 

39.731 

500 

16.00 

.234 

39.401 

191/4 

61/4 

102.00 

25.00 

45.847 

500 

17.00 

.240 

42.959 

20V8 

61/4 

110.00 

26.00 

49.850 

450 

18.00 

.245 

46.458 

221/8 

6V4 

140.00 

30.00 

55.123 

450 

19.00 

.259 

51.840 

23Vi6 

6V4 

150.00 

32.00 

61.081 

450 

20.00 

.272 

57.309 

24Vio 

71/4 

180.00 

37.00 

68.337 

450 

22.00 

.301 

69.765 

26V8 

71/4 

215.00 

45.00 

82.868 

450 

24.00 

.330 

83.423 

29 

81/4 

275.00 

50.00 

99.789 

450 

26.00 

.362 

99.122 

31V8 

8V4 

360.00 

64.00 

120.555 

450 

28.00 

.396 

116.746 

3311/16 

91/4 

425.00 

77.00 

142.000 

450 

30.00 

.432 

136.421 

CO 

0 

10 

525.00 

82.00 

166.828 

450 


pipe joint. The joint is made by belling out or expanding one 
end of the pipe in such a manner as to permit the bell end to slip 
over the plain or spigot end of the next length of pipe^ leaving 
enough space between the two for the lead which is to make the 
joint. After the end of the pipe has been shaped a wrought band 
is shrunk on the outside of the bell to reinforce it at this point 
and to keep it in shape to withstand the calking of the lead. The 
spigot end of the pipe has a recess turned in it which prevents the 
lead from blowing out or the pipe from pulling out. This pipe is 
extensively used for water service in the west. Table 58 gives 
standard sizes, thicknesses, etc., for Matheson pipe. 
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TABLE 58 (Fig. 82) 
Matheson Joint Pipe 


External 

Diameter 

Thick- 

ness 

Outside 
Diameter 
of Rein- 
forcing 
Ring D 

Length 
of Joint 
L 

Weight per Foot 

Weight 
of Lead 
per Joint 

MiU 

Test 

Plain 

Ends 

Complete 

2.00 

,095 

2.966 

2.16 

1.932 

1.952 

1.00 

700 

3.00 

.109 

4.034 

2.26 

3.365 

3.392 

1.75 

700 

4.00 

.128 

5.236 

2.32 

5.293 

5.339 

2.75 

600 

5.00 

.134 

6.268 

2.38 

6.963 

7.019 

3.50 

600 

6,00 

.140 

7.446 

2.50 

8.762 

8.872 

4.75 

600 

7.00 

.149 

8.484 

2.58 

10.902 

11.028 

5.50 

600 

8.00 

.158 

9.646 

2.73 

13.233 

13.405 

6.75 

600 

9.00 

.167 

10.684 

2.73 

15.754 

15.945 

8.25 

500 

10.00 

.175 

11.846 

2.82 

18.363 

18.610 

9.50 

500 

11.00 

.185 

12.886 

2.91 

21.368 

21.638 

11.00 

500 

12.00 

.194 

14.048 

3.00 

24.461 

24.880 

13.25 

500 

13.00 

.202 

15.084 

3.07 

27.610 

28.060 

15.25 

500 

14.00 

.210 

16.370 

3.15 

30.928 

31.536 

17.25 

500 

15.00 

.222 

17.394 

3.24 

35.038 

35.686 

19.25 

500 

16.00 

.234 

18.438 

3.32 

39.401 

40.089 

22.00 

500 

17.00 

.240 

19.470 

3.41 

42.959 

43.687 

23.75 

450 

18.00 

.245 

20.730 

3.50 

46.458 

47.384 

25.75 

450 ■ 

19.00 

.259 

21.778 

3.57 

51.840 

52.815 

29.00 

450 

20.00 

.272 

22.804 

3.64 

57.309 

58.332 

31.00 

450 

22.00 

.301 

24.882 

4.06 

69.756 

71.098 

40.25 

450 

24.00 

.330 

26.980 

4.26 

83.423 

84.882 

48.00 

450 

26.00 

.362 

29.064 

4.40 

99.122 

100.697 

55.25 

450 

28.00 

.396 

31.672 

4.58 

116.746 

119.021 

65.00 

450 

30.00 

.432 

33.764 

4.75 

136.421 

138.851 

75.00 

450 



Figs. 83, 84, and 85. Flanges for Copper Pipe. 
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Flanges for Copper Pipe. — For copper pipe the flanges are 
made of composition and are attached by brazing or brazing and 
riveting. Figs. 83^ 84, and 85 show three methods of attaching 
flanges to copper pipe, the first form is a plain flange brazed on, 
the second is brazed and riveted, and the third is peened and brazed. 





Fig. 86. Wiped Joint. Fig. 87. Blown Joint. 


Lead Pipe Joints. — Lead pipe may be joined by means of 
flanges bolted together or by wiped or blown joints as shown in 
Figs. 86 and 87. The flanges may be of lead integral with the 
pipe or separate cast iron flanges may be used as in Figs. 88 and 
89 respectively. The amount of lead required for making lead 
joints is given in the following tabulation. The thickness of the 
joint ranges from V 4 inch on small sizes to ^/2 inch on larger sizes. 



Fig. 88. Lead Flanges. Fig. 89. Iron Flanges for Lead Pipe. 


Diameter 

Weight 

Diameter 

Weight 

Inches 

Pounds 

Inches 

Pounds 

2 

2>A 

12 

15 

3 

3V2 

14 

18 

4 

d'A 

16 

22 

6 

6V2 

18 

26 

8 

9 

20 

33 

10 

13 
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Joints for Riveted Pipe. — Straight riveted pipe may be joined 
by riveting while in the course of erection, by flanges riveted on 
to the end of the pipe, or in some cases by a slip joint. Spiral 
riveted pipe may be joined by flanges riveted to the ends of the 



pipe, by a slip joint, Fig. 90, by means of a crimped end and 
sleeve, Fig. 91, or by bolting, Figs. 80 and 92. The makers have 
their own standard for dimensions of flanges and drilling so that 
the American Standard is not supplied unless called for. Table 
59 gives the spiral pipe manufacturers’ standard dimensions for 
flanges. 

The Root bolted joint, Fig. 92, is recommended for both asphalted 
and galvanized pipe when used to convey water. The joints shown 
in Figs. 90 and 93 are from literature of the American Spiral Pipe 



Works. The lugs shown in Figs. 90 and 91 are for the purpose 
of drawing up the pipe. Calking is necessary to obtain a tight 
joint. Differences in temperature cause a large amount of expan- 
sion and contraction on long lines of flanged pipe. Either bolted 
joints, Figs. 80 and 92 or an expansion joint, Fig. 93, may be 
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used at intervals of about 400 feet to take care of these changes in 
length. The expansion joint consists of a cast body and brass 
sleeve, with a gland and packing as shown in the figure. 



TABLE 59 

Flanges foe Riveted Pipe 


Riveted Pipe Manufacturers'^ Standard 


Inside 

Diameter 

Inches 

Outside 

Diameter 

Inches 

Diameter 
of Bolt Circle 
Inches 

Sizes of 
Bolts 
Inches 

Number 

of 

Bolts 

Diameter of 
Bolt Holes 
Inches 

3 

6 

4?U 

V 16 

4 

72 

4 

7 

5‘V.e 

Vu 

8 

V 2 

5 

8 

6>Vie 

Vu 

8 

V 2 

6 

9 

7V8 

V 2 

8 

Vs 

7 

10 

9 


8 

Vs 

8 

11 

10 

V 2 

8 

Va 

9 

13 

11 V 4 

Va 

8 

Vs 

10 

14 

12 V 4 

72 

8 

Vs 

11 

15 

ISVs 

72 

12 

Vs 

12 

16 

M'A 

72 

12 

Vs 

13 

17 

IS'A 

72 

12 

Vs 

14 

18 

lO'A 

72 

12 

Vs 

15 

19 

nVu 

72 

12 

Vs 

16 

2 IV 4 

lO'A 

72 

12 

Vs 

18 

2374 

21 V 4 

Vs 

16 

V 4 

20 

2574 

2378 

Vs 

16 

74 

22 

ob 

26 

Vs 

16 

74 

24 

30 1 

2774 

Vs 

16 

74 
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Joints for Cast Iron Pipe. — Two forms of joints for cast iron 
pipe are mentioned and illustrated in Chapter I. Dimensions for 
cast iron bell and spigot joints are given in Tables 1 and 2, Chapter 
II. For flanges the dimensions for the American Standard are 
given in Tables 39 and 40, Chapter IV. 



The form of joint shown in Fig. 94 is used on “universal” 
cast iron pipe made by the Central Foundry Company. The 
contact surfaces are machined on a taper at shghtly different 
angles and drawn together by bolts, giving an iron to iron joint. 
The different tapers permit a deflection of three degrees so that 
the joint allows for expansion and uneven ground settlenaent. 



Straight lengths may be laid on a curve of 150 feet radius. Two 
bolts per joint are sufficient for pressures up to 175 pounds. 
Table 60 gives the thicknesses and weights of “universal” pipe. 
Lengths lay a full six feet. 



TABLE 60 (Fig. 94) 
TJnii'ehsal Cast Iron Pipe 
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Bolt 

Sizes 

IrHrHrH 

Class No. 250 

250 Lbs. Pressure 

Estimated 

Weight 

Pounds per 

6-Foot 

Length 

i>. th CO 05 t} 

lO 00 (M 1-4 r 

T-l T-< CO 

585 

741 

936 

1338 

Foot 

05 ^ 05 >0 CO Tt 

1-1 (M (N CO lO 1> 

4 '<+1 CO CO 

. 05 CM VO Cl 
rH rH Cl 

saqouj 

Bsauqotqx 

•xojddy 

^(M1005rHCO'^OCD^'«?i4 

^xHtHti41O».OCD1>I>-00O5 

Class No. 175 

175 Lbs. Pressure 

Estimated 

Weight 

Pounds per 

6-Foot 

Length 

1-1 00 CO (M io S 

VO *> M iO 05 05 C 

rH T— 1 rH 

522 

645 

804 

1176 

Foot 

obcOOCO(M05^I>?-'!+ICO 

i-l(M(MC0^C000OC005 

T— H rH rH 

saqonj 

ssQuqotqx 

•xojddy 

.35 

,37 

.43 

.45 

.47 

.525 

.58 

.62 

.66 

.72 

.82 

Class No. 130 

130 Lbs. Procure 

Estimated 

Weight 

Pounds per 

6-Foot 

Length 

II 2 V 2 

150 

186 

276 

381 

483 

597 

738 

1068 

Foot 

! !ob»oi-4cDcooo5cooo 

. .rH(MCOTHCOCOC5(Mt^ 

tH t— I 

soq.iui 

• ssouqoiqx 
•xojddv 

.40 

.425 

.45 

.49 

.53 

.57 

.60 

.65 

.73 

Class No. 100 

100 Lbs. Pressure 

Estimated 

Weight 

Pounds per 

6-Foot 

Length 

! ioO'ifOvOCOCOt^COCD 
.O'Tt^00cDc0v0C0C5O5 
rH rH T— ! <M CO -rlH IC CO 05 

Foot 

!oo'+'o^o»o^»oco 

.rH(MCO'i+4COl->-C5rHO 

rH rH 

soqoui 

ssouqoiqx 

*xo.iddv 

>0 

•i^ocor^ococoopr. 

• CO Xh 'rfl IQ HQ ilo CO CD 

Jo^auiuiQ 
opisui lEUIlUO]^ 

(M CO Tjl 40 CO 00 0 Cl 'Sf CO 0 
1-4 rH rH rH Cl 



CHAPTER VI 
STANDARD VALVES 


Valves. — Valves of many forms are used to control the convey- 
ing of fluids in pipes. It will be impossible to describe all of the 

valves made for the 
different purposes for 
which they are re- 
quired. The general ’ 
classes and types, 
however, will be illus- 
trated and described. 
The figures have been 
- 7 chosen to illustrate 
these types, and it 
^ does not follow that 
the particular design 
^ or make shown is the 
best of its class, as it 
would be difficult to 
make such a selection 
from the many reli- 
able valves now 
manufactured. 

Valves are made 
with either screwed 
or flanged ends. It 
is not desirable to use 
screwed ends for sizes 
larger than six inches 
for steam pressure. 

For high pressures and 
Fig. 95. Sectional View of Globe Valve. \ ^ +. 0 ^ 

superheated steam 

flanged end fittings should be used for all sizes. It is good prac- 
tice to call for flanged fittings and valves in all cases for sizes 
larger than 2V2 inches. 
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Materials. — Valves are made of various materials suited to 
the purpose in view. Brass or bronze valves are ordinarily made 
in sizes up to and including three inches. These valves are used 
for steam up to 1 V 2 inches and the larger sizes on boiler feed lines. 
Valves with cast iron bodies are suitable for water or saturated 
steam. For steam under high pressure and superheat other 
materials are necessary, such as Ferrosteel and cast steel. 

Globe and Gate Valves. — There are two general classes of 
valves, globe valves and gate valves. The globe valve has a 
spherical body and a circular opening at right angles to the axis 
of the pipe. A section of a globe valve, together with the names 
of the principal parts, is shown in Fig. 95. 


Names of Parts of Globe Valve 


1 . 

Stem nut 

6 . 

Valve body 

2 , 

Hand wheel 

7 . 

Gland Nut 

3 . 

Valve stem 

8 . 

Gland 

4 - 

Valve nut 

9 . 

Bonnet 

6 , 

Valve (swivel) 

10 . 

Bonnet ring 



E F G H 

Fig. 96. Forms of Valve Seats. 


A valve may be used in place of an elbow and a globe valve, 
in which case it is called an angle valve, Fig. 107. A cross valve 
is shown in Fig. 107. There are several objections to the use 
of globe valves, among which are the resistance which they offer 
to the fluid, and the water pocket which is present when they 
are used for steam lines. They are desirable, however, when 
throttling is necessary. 

Valve Seats. — A variety of valve seats are shown in Figs. 96, 
97, and 98. In Fig. 96 A, B, and C are plain flat seats; D is a 
concave or spherical seat; E and F are rounded seats; (? is a 
square seat, and is a bevel seat. Any of these forms may be 
made as a part of the valve body or separate, and either screwed 
or forced into place. The forms of valve discs differ, as shown 
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in the various figures. The valve seat shown in Fig. 97 is made 
up of two conical surfaces and a groove. The disc is made in 



Fig. 97. Spring Valve Seat. Fig. 98. Pemovable Disc Valve Seat. 


similar form. The grooves permit a certain amount of spring 
and insure tightness when the valve is closed. This form of seat 
is made by the Crosby Steam Gage and Valve Company. Fig. 98 

shows the use of a removable 
disc instead of a solid disc. 
The disc holder A is of brass 
or other suitable material and 
the disc B of softer material. 
When leakage takes place the 
disc can be removed and re- 
placed by a new one. Discs 
are made by Jenkins Brothers 
of various compounds suiting 
them to different kinds of 
service. 

Gate Valves. — A gate valve 
is shown in section in Fig. 
99; and as will be observed 
has its openings parallel to 
the cross section of the pipe, 
so there is little or no resist- 
ance to the floW; making it 
preferable for most purposes. 
The valve disc which closes 
the passage way may be a 
solid tapered wedge, as in 
Fig. 99, may be in two parts, 
as in Fig. 100, or may have 
parallel faces, as in Fig. 101. 
The gate valve shown in Fig. 99 is made by Walworth Com- 
pany. It is of the solid wedge gate type, in which the disc 



Fig. 99. Gate Valve — Solid Tapered 
Wedge — Rising Stem. 
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consists of a single piece faced with hard metal. This disc slides 
on ribs in the valve body. This valve may be packed while under 
pressure by screwing the stem out until the beveled collar A on 
the stem engages with the beveled recess B of the bonnet, form- 
ing a tight joint. The valve shown in Fig. 100 is made by the 



Fig. 100. Gate Valve — 
Two Part Wedge. 


CDOCDCnQ 



Fig. 101. Gate Valve — Parallel 
Seat. 


Lunkenheimer Company. The principle upon which the discs 
are seated makes them self-adjusting and they will accommodate 
themselves to scale or sediment which may lodge on one of the 
seats, so that at least one disc will close tightly. This is accom- 
plished by the ball and socket bearing between the discs, which 
permits sufficient play in any direction. The stuffing boxes can 
be packed when the valve is wide open and under pressure, as a 
shoulder on the stem directly above the threads forms a scat 
beneath the stuffing box. 

The parallel seat double disc valve shown in Fig. 101 is con- 
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structed so that the discs do not bear on the seats in opening or 
closing. The discs are hung on the stem and are seated by a 
wedge which bears on the centres of the discs. The lug on the 
bottom of the valve body brings the wedge into action just before 
the discs reach their lowest position. At the instant of starting 


flftnna /i.n rt a 

- ,f?l 




Fig. 103. Gate Valve with 
By-pass. 


to open the valve the wedge is released. This valve is made by 
the National Tube Company. 

A form of gate valve based upon the principle of the Venturi 
meter is the Hopkinson-Ferranti valve shown in Fig. 102. This 
form of valve is widely used in England and has found applica- 
tion in American practice. The velocities are increased in the 
central portion of the valve which is only one half the size of the 
pipe in which the valve is used. The contour of the delivery side 
is such as to reduce the velocity and restore the pressure. The 
reduced size of the valve faces makes them less liable to distor- 
tion. The small valve seats make a by-pass valve unnecessary 
as the steam can be throttled when opening. A throat piece is 
drawn up when the valve is opened, and this forms a continuous 
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Venturi tube. These valves are adaptable for steam lines where 
velocities of less than 6000 feet per minute are used. 

By-pass Valves. — The effort required to open a large valve 
with the steam acting upon one side is considerable, and some 
means of equalizing the pressure on the two sides of the disc as 
well as to permit warming 
up'^ is desirable. This is ac- 
complished by means of a 
small auxiliary valve in the 
passage joining the two ends 
of the valve, called a by-pass. 

Fig. 103 shows an extra heavy 
VP'alworth valve with a by- 
pass. 

Valve Stem Arrangements. 

— There are two general ar- 
rangements of the valve stem 
known as inside screw and 
outside screw. The inside 
screw may be either rising 
stem or non-rising stem. Fig. 

104 shows a valve with an 
inside screw, non-rising stem; 

Fig. 101 an inside screw, rising 
stem; and Fig. 99 an outside 
screw, rising stem. When the 
screw is outside it is protected 
from stem corrosion, and can 
be kept oiled. The rising 
stem is desirable as its posi- 
tion clearly indicates whether the valve is open or closed. In 
some parts of the country laws require the use of the rising stem 
on boiler stop valves, and certain classes of work. The valve stern 
on small sizes is generally made of bronze and larger sizes of steel, 
nickel plated. The valve shown in Fig. 104 is made by Crane 
Company for steam working pressures up to 250 pounds. It 
has an inside screw, non-rising stem. The seats are made of hard 
brass and screwed to shoulders in the body of the valve. They 
are renewable. The gate is faced with hard brass. This valve 
may be packed while under pressure by opening the valve wide 



Non-risinjj; Stem. 
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and running the wedge tightly up to the top of the bonnet, which 
draws the collar of the stem down tightly to the flange of the 
bonnet, fomoing a steam or water tight joint at A. 

Strength of Gate Valves. — Some actual bursting pressures for 
gate valves as tested by Crane Company are given in Table 61. 

TABLE 61 


Strength of Standard Iron Gate Valves 


Sizes, Inches 

Pressure in Pounds per Square Inch 

4 to 8 

1000 to 1500 

10 to 16 

900 

18 

450 without breaking 

20 to 30 

300 


Strength of Medium Pressure Gate Valves 


Sizes, Inches 

Pressure in Pounds per Square Inch 

Cast Iron 

Ferro Steel 

4 to 8 

1200 to 1900 

1900 to 2600 

10 and 12 

850 

1400 to 1500 

14 


O.K. at 1000 

16 


O.K. at 760 

18 


O.K. at 700 


Strength of Extra Heavy Gate Valves 


Sizes, Inches 

Pressure in Pounds per Square Inch 

Cast Iron 

Ferro Steel 

4 to 8 

1600 to 1900 

2450 to 2600 

10 and 12 

1350 to 1550 

1750 to 1900 

14 to 16 

1100 , 

1200 to 1350 

18 


O.K. at 850 

20 to 24 


O.K. at 600 


Standard Pressures and Dimensions. — Valves are generally- 
constructed for three pressures, standard, medium, and extra 
heavy. Standard pressure generally means 125 pounds, medium 
175 pounds, and extra heavy 250 pounds, when referring to steam. 
When used for water these values may be greatly increased, de- 
pending upon the conditions of service. Valves are made of cast 
steel suitable for steam pressures up to 350 pounds per square 
inch. The following tables give some of the dimensions for vari- 
ous kinds of valves as made by different companies. 
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Fig. 105. Jenkins Valves, Globe, Angle, and Cross. 


TABLE 62 (Fig. 105) 

Jenkins Standard Globe, Angle, and Cross Valves. Brass — Screwed 

AND Flanged 


150 Pounds Working Pressure 


Size 

A 

B 

c 

D 

E 

P 

G 

H 

J 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Vs 

IVu 


^VlG 




2V8 

2V4 

1 V 2 

Vs 

2V8 

2Vi« 

IV16 

IVs 

2 V 4 

®/32 

SVs 

SVs 

2Vi6 

Vs 

2V8 

3 

IVis 

2^/i6 

278 

“/ss 

4Vs 

4 

2Vis 

Vs 

2V4 

3’-/ 16 

IVs 

2Vi6 

3 

Vs 

4Vs 

5 

2Vi« 

Vs 

3Vis 

3V8 

I'A 

2V8 

3 V 2 

iVss 

5V4 

SVs 

2iVie 

1 

3“/i6 

4 

IV 4 

2Vs 

4 

Vis 

5V4 

6 

3 

iVs 

4V4 

4Vs 

2Vic 

2«A» 

4 V 2 

1 V 32 

7 

7V4 

SVs 

IVs 

4V8 

4V8 

2 V 4 

3Vi6 

5 

Vs 

7V4 

7Vs 

4V8 

2 

5V4 

6 

2V8 

3V4 

6 

Vis 

OVs 

91/4 

4V8 

2Vs 

evs 

6 V 4 

3V4 

4V4 

7 

Vs 

9V8 

9V4 

5 

3 

SVs 

7 V 2 

41/4 

4Vi6 

7V2 

I’As 

lOVs 

nV4 

6 


TABLE 63 (Fig. 105) 

Jenkins Extra Heavy Globe, Angle, and Cross Valves. Brass — 
Screwed and Flanged 


250 Pounds Working Pressure 


Size 

A 

B 

c 

D 

E 

F 

G 

H 

J 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Vs 

2‘Vis 

3V4 

i‘A 

278 

374 

"As 

47, 

478 

278 

V4 

3^/2 

4V4 

IV4 

2 V 2 

3V4 

"As 

6 

6 Vs 

378 

1 

4V8 

4V4 

2^/i6 

27s 

4*7 

‘A 

678 

7Vs 

3 'A 

IV4 

4V8 

5V2 

2Vio 

374 

5 

"/3S 

7 ‘A 

8 

478 

IV2 

SVs 

6V4 

21V10 

3'Vis 

6 

V .6 

SVs 

878 

4 Vs 

2 

6V4 

7V4 

SVs 

478 

6 V 2 

Vs 

974 

lOVs 

s 

2V2 

7V2 

8V4 

3V4 

474 

772 

‘V 16 

llVs 

1274 

6 V 2 

3 

8V4 

9V2 

4V8 

SVs 

8V4 

V4 

1278 

1378 

7V2 
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Fig. 106. Jenkins Gate Valves. 


TABLE 64 (Fig. 106) 

Jenkins Standard Gate Valves. Brass — Screwed and Flanged 
Pounds Working Pressure 
Size ABEFG J 

Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches 

Vi iVi 2 V 2 2 V 4 Vsz 31/2 IVi 

Vs IV 4 2V8 2V8 “As 31/2 IV 4 

V 2 PVis 2‘Vi« 3 Vs 3‘V.o 2 

Vi 2Vi6 3V8 3 V 2 "As 4iVi« 2 Vi6 2V4 4V4 5>Vi6 

1 2»Vi 6 3"A« 4 V.6 5V.« 2‘Vi« 3Vi. S'A 6V8 

IVi 3 4 V 2 4 V 2 "As 6 V 4 3 3 Vs eVs 8 Vie 

IV 2 3Vs 4Vs 5 'A 6 V 4 3’A 3Vs 7V4 9 Vi6 

2 4 SVi 6 Vie 7V4 4V8 4V8 S'A lOVs 

2 V 2 4>Vi6 6 V 2 7 Vs 9 4V8 4 'Vi6 9'Vi 6 12‘Vie 

3 SVs 7V, 7'A “/». lO-Vs 5 .VA liy, 15 

TABLE 6.5 (Fig. 106) 

Jenkins Medium Pressure Gate Valves. Brass — Screwed 

AND FlANGIKD 

175 Pounds Working Pressure 

Size A B E I F (J J 

Inches Inches Inches Inches 1 Inches Tneiies Iiicho.s 

2V;^ 2'V46 ' 2 V 4 "' 'Vs2 ' 2Vlr, 

Vs 2 Vi6 2‘Vi 6 3 "As 3V» 2 V ..1 

'A 2 Vs 31/4 3 V's 4 Vs 2V.r, 

Vi 2Vs 3‘Vi6 SVs "As S'A 2‘Vio 

1 SVs 44/4 4 V16 0 3 

IVi 34 Vis 4 V 4 4 ‘A 46/,^ 65/^ 31 /,^ 

I'A 4V32 54/16 5 4 /^ 7 4 ,/^ 

2 54/16 6 6 Vis 84 /, 4 V 8 

24/2 5V4 6' Vis 7 Vs 10' A 5 

3 7 S'A 74A ‘4/16 IFA 6 


K L M 
Inches Inches Inches 


3Vis 54/, eVs 

SVs 6 7V8 

3Vs 7 84A 

4 Vs. 7 Vs 94/2 

44V.6 SVs 114/8 

5V4 104/2 131/2 

6‘4/,6 12'/, 15V4 
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TABLE 66 (Fig. 106 ) 

Jenkins Extra Heavy Gate Valves. Brass — Screwed and Flanged 


250 Pounds Working Pressure 


Size 

A 

B 

E 

F 

G 

J 

K 

L 

M 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

V2 


3 ‘Vi 6 

374 

1738 

474 

278 




V4 

3 Vi 6 

4 Vi 6 

374 

1738 

574 

37* 

378 

' 578 

6V4 

1 

3V4 

5 

478 

78 

678 

372 

378 

67 i 6 

71V16 

1V4 

41/4 

6V2 

5 

1733 

774 

478 

478 

774 

9 

I'A 

4V4 

6 

6 

7u 

8 

478 

417U 

8 

10 

2 

5V8 

7V8 

678 

78 

974 

5 

574 

978 

1278 

2V2 

6V4 

8V8 

778 

i7» 

11 

678 

61716 

1078 

1374 

3 

7V8 

■ 9 

874 

74 

1278 

778 

778 

127i6 

1578 



TABLE 67 (Fig. 107) 

Crane Standard Weight Globe, Angle, and Cross Valves 

125 Pounds Working Pressure, Iron Body 


Size 

B 

C 

D 

E 

F 

G 

Size 

B 

C 

D 

E 

F 

G 

A 







A 







Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

In.s. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

2 

8 

4 

G 

Vk 

103/4 

(>1/2 

7 

IG 

8 

121/2 i 

li/io 

201/2 

14 

21/2 

8V2 

4Vi 

7 

11/10 

111/4 

01/2 

8 

17 

81/2 

131/2 

11/8 

233/4 

IG 

3 

91/2 

43/4 

71/2 

V4 

123/4 

71/2 

10 

20 

10 

16 

13/l« 

28 

18 

31/2 

IOV2 

51/4 

8V2 

13/ifi 

13 

71/2 

12 

24 

12 


IV4 

34 

20 

4 

IIV2 

53/4 

9 

15/10 

151/4 

9 

14 

28 

14 

21 1 

1 Vs 

381/2 

24 

41/2 

12 

6 

9^4 

16/lfi 

151/4 

9 

15 

30 

15 

221/4 

13/8 

381/2 

24 

5 

13 

6V2 

10 

I5/16 

171/4 

10 

16 

32 

IG 

231/2 

IV16 

411/2 

27 

6 

14 

7 


1 

19 

12 
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Fig. 108. Crane Globe, Cross, and Angle Valves. 


TABLE 68 (Fig. 108) 

Cbanb Medium Pressure Globe, Angle and Cross Valves 
175 Pounds Working Pressure — Iron Body 











Size 


Size 

A 

B 

C 

D 

E 

F 

G 

H 

J 

of By 
Pass 

L 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

2 

2 V 2 

3 

31/2 

4 

4 Va 

5 

6 

7 

8 

10 

12 

9 

10 

11 

12 

13 

131/2 

141/2 

16 

171/2 

20 

221/2 

251/2 

41/2 

5 

.51/2 

6 

61/2 

6 V< 

71/4 

8 

8V4 

10 

111/4 

123/4 

61/2 
. 71/2 
81/4 

9 

10 

101/2 

11 

121/2 

14 

15 

171/2 

20 

Vs 

1 . 

V-h 

iVic 

11/4 

1V16 

iVs 

1V16 

11/2 

IVs 

IVs 

2 

73/4 

8 

81/4 

91/2 

IOV2 

111/4 

121/4 

14 

17 

I8V2 

221/2 

251/2 

37/8 

4 

41/8 

43/4 

51/4 

5 V 8 

61/8 

7 

81/2 

91/4 

111/4 

123/4 

113/4 

123/8 

41/8 

153/8 

163/8 

173/8 

I8I/4 

201/4 

211/4 

241/8 

281/2 

31 

6V2 

71/2 

9 

10 

10 

12 

12 

14 

14 

16 

20 

20 

11/2 

11/2 

2 

12 

133/4 

153/4 


TABLE 69 (Fig. 108) 

Crane Extra Heavy Globe, Angle, and Cross Valves 
250 Pounds Working Pressure, Iron Body 


Size 

A 

Inches 

B 

Inches 

C 

Inches 

D 

Inches 

E 

Inches 

F 

Inches 

G 

Inches 

H 

Inches 

J 

Inches 

Size 
of By 
Pass 
Inches 

Angle 

Cross 

K 

Inches 

Globe 

L 

Inches 

2 

101/2 

51/4 

61/2 

Vs 

91/2 

43/4 

133/4 

71/2 




21/2 

IIV2 

53/4 

71/2 

1 

103/4 

53/8 

141/2 

9 




3 

121/2 

61/4 

81/4 

IVs 

113/4 

57/8 

171/2 

10 




31/2 

131/4 

6 V 8 

9 

13/i6 

121/4 

61/8 

171/2 

10 




4 

14 

7 

10 

11/4 

13 

61/2 

191/2 

14 




41/2 

15 

71/2 

101/2 

IV16 

14 

7 

191/2 

14 




5 

153/4 

77/8 

11 

13/8 

15 

71/2 

211/2 

10 




6 

171/2 

33/4 

121/2 

F/lo 

I6V2 

81/4 

25 

18 




7 

191/4 

95/8 

14 

11/2 

I81/4 

91/8 

2G1/4 

20 




8 

21 

101/2 

15 

13/8 

20 

10 

291/2 

24 

11/2 

133/8 

133/8 

10 

241/2 

i 2 i /4 

171/2 

17/8 

231/4 

11 3/8 

331/2 

27 

11/2 

143/4 

143/4 

12 

28 

14 

201/2 

2 



39 

30 

2 

171/4 

171/4 

14 

33 

I61/2 

23 

21/8 



42 

36 

2 

193/8 

183/4 

12 

33 

I61/2 

241/2 

23/16 



42 

36 

2 

193/8 

183/4 
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Fig. 109. 


A H r* — B 

Fig. 110. 



Walworth Gate Valves. 


TABLE 70 (Figs. 109 and 110) 
Walwobth Stanpaed Gate Valves — Ieon Body 


125 Founds Working Pressure 


Size 

' A 

B 

c 

D 

E 

P 

G 

J 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

2 

5V2 

7 

lOVs 

1278 

6 

6 

78 

1078 

2V2 

5V8 

7V2 

12V8 

15 

6 

7 

'7i6 

1178 

3 

evs 

8 

14 

1778 

8 

772 

74 

CO 

31/2 

6V4 

8V2 

ISVs 

1972 

8 

872 

17i6 

1478 

4 

7V4 

9 

1772 

2178 

9 

9 

“/16 

16 

41/2 

7 V 4 

9V2 

19 

2378 

9 

974 

‘Vio 

1678 

5 

8 

10 

20V4 

2678 

10 

10 

‘7i6 

1878 

6 

9 

IOV2 

2378 

3078 

12 

11 

1 

2078 

7 


11 

2772 

3478 

14 

1272 

17i6 

2278 

8 


IIV2 

2978 

CO 

00 

14 

1372 

178 

2472 

9 


12 



14 

15 

178 


10 


13 

3578 

4678 

16 

16 

17i6 

297a 

12 


14 

4172 

5474 

16 

19 

174 

34 

14 


15 

51 

6574 

18 

21 

p/s 

387s 

15 


15 



20 

2274 

178 


16 


I6V4 

5678 

7378 

20 

2372 

1V16 

427, 

18 


1772 

64 

83 

20 

25 

17i6 

47 

20 


I8V2 

69 

90 

24 

2772 

p7h 

5078 

22 


19 



27 

2972 

P7i8 


24 


21 

81 

106 

30 

32 

iVs 

58 
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TABLE 71 (Figs. 109 , 110 , and 111 ) 

Walwoeth Medium Prbssuee Gate Valves, with Bt-Pass, Iron 

Body 

175 Pounds Working Pressure 


Size 

Inches 


2 

2 V 2 

3 

3 V 2 

4 

41/2 

5 

6 

7 

8 
9 

10 

12 

14 

15 

16 


A 

Inches 


6 V 2 

6 

7V4 

71/2 

7V4 

8 V 4 

8V2 

8 V 4 


B 

Inches 


7V2 

8 

91/2 

10 

IOV2 

11 

IIV2 

12 

I 2 V 2 

13V2 

14 

15 

16 
18 

I 8 V 4 

1972 


c 

Inches 


IIV2 

I 2 V 2 

15 

1678 

19 

20 
22 

2574 

28 

32 

34 

39 

4372 

4972 

5272 

5772 


D 

Inches 


14 

1572 

1872 

2072 

2374 

25 

28 

32 

36 

41 

44 

50 

57 

65 

69 

75 


E 

Inches! 


6 V 2 

6 V 2 

772 

772 

9 

9 

10 

12 

12 

14 

14 

16 

18 

20 

20 

22 


F 

Inches 


672 

772 

8V4 

9 

10 

IOV 2 

11 

12 V 2 

14 

15 

I6V4 

1772 

2072 

23 

2472 

2572 


G 

Inches 


Vs 

1 

17s 

IV 16 

174 

IVis 

IVs 

1V» 

172 

IVs 

1 V 4 

IVs 

2 

278 

2Vi6 

274 


H 

Inches 


14 

15 

16 

1672 

1772 

1872 

20 

21 

23 


Size of 
By-PassI 
Inches 


iVi 

1 V 4 

1 V 2 

1 V 2 

1 V 2 

2 

2 

2 

3 


j 

Ins. 


11 

12 

14 

15 

16 
17 
19 
21 
23 
26 
28 
30 
34 


Table 72 gives the dimensions of Walworth extra heavy iron 
gate valves for both screwed and 
flanged ends. The dimensions for 
sizes from 6 inches to 12 inches are 
the same with or without a by-pass 
valve. The dimensions given in 
Table 72 hold for non-rising stem 
valves except the distances from 
centre of valve to top of wheel and 
diameter of handwheel above the 6 
inch size. The values for these two 
dimensions are given in Table 73. 

The dimension D is to the top of 
the valve when it is wide open. The 
arrangement of the valve stem and 
the kind of ends, whether screwed or 
flanged, is shown in the figures. 

Valve. 
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TABLE 72 (Figs. 110 and 111) 

Walwokth Extra Heavy Gate Valves with By-Pass Rising Stem, 
Outside Screw and Yoke, Iron Body — Screwed and Flanged 


250 Pounds Working Pressure 


Size 

Inches 

A 

Inches 

B 

Inches 

c 

Inches 

D 

Inches 

E 

Inches 

F 

Inches 

G 

Inches 

H 

Inches 

Size of 
By- 
Pass 
Inches 

2V2 

S^/a 

9V2 

1372 

1674 

8 

71/2 

1 



3 

9V2 

llVs 

1578 

ISVs 

10 

81/4 

iVs 


. . . 

3V2 

llVs 

nVs 

171/8 

21 

10 

9 

1V16 



4 

12V8 

12 

ISVs 

231/8 

11 

10 

1V4 



41/2 

14 

131/4 

2378 

2974 

11 

101/2 

P/16 



5 

16V8 

15 

2378 

2974 

12 

11 

IVs 

. . . 


6 

16V4 

ISVs 

251/8 

32 

13 

121/2 

1V16 

14 

IVs 

7 


I 6 V 4 

291/4 

38 

15 

14 

IVs 

15 

1 

1V2 

8 


I 6 V 2 

321/2 

41 

15 

15 

IVs 

16 

1V2 

9 


17 

361/2 

46 

16 

1674 

1V4 

1672 

1V2 

10 


18 

391/8 

50 

16 

1772 

IVs 

1772 

1V2 

12 


19V4 

451/4 

5872 

18 

2072 

2 

20 

2 

14 


2 IV 2 

501/2 

66 

22 

23 

21/5 

21 

2 

15 


22 V 2 

521/2 

69 

22 

2472 

2Vi6 

2172 

2 

16 


24 

58 

7572 

24 

2572 

31/4 

27 

3 

18 


26 


8274 

27 

28 

2V8 


3 

20 


28 


9172 

30 

0 

CO 

2Vs 


4 

24 


31 


109 

36 

36 

2V4 


4 


TABLE 73 (Fig. 109) 

Walworth Extra Heavy Gate Valves with By-Pass, Non-rising 
Stem, Iron Body — Screwed and Flanged 


250 Pounds Working Pressure 


Size 

Inches 

J 

Inches 

E 

Inches 

Size 

Inches 

J 

Inches 

E 

Inches 

21/2 

121/4 

8 

6 

221/4 

13 

3 

141/8 

10 

7 

25 

14 

372 

151/4 

10 

8 

28 

14 

4 

16 V 2 

11 

9 

2974 

15 

472 

21 

11 

10 

33 

15 

5 

21 

12 

12 

3772 

18 


Check Valves. — There are a large variety of special forms of 
valves, some of which will be mentioned. When necessary to 
permit flow in one direction and to prevent it in the opposite 
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direction a check or non-return valve is used. These are made 
in many forms; Fig. 112 shows a swing check valve, Fig. 113 
shows a ball 'Check valve, Fig. 114 a lift check valve, and Fig. 



Figs. 112, 113, and 114. Swing Check Valve, Ball Check Valve, and Lift 

Check Valve. 


115 a large flanged check valve having a relief gate, as made by 
Walworth Company. It is desirable that there should be pro- 
vision for regrinding. The swing check valve shown in Fig. 112 
is made with or without the stop plug 5. The purpose of the stop 
plug is to allow for re-grinding in the following manner. Unscrew 
the cap 2 and the stop plug 5, place a small amount of abrasive 

moistened with soap 
or oil on the valve 
seat 6. By inserting a 
screw driver through 
the stop plug opening 
and engaging the slot 
in the clapper stud 
the disc S can be ro- 
tated and re-ground 
upon its seat. 

The iron body swing 
check valve shown in 
Fig. 115 is for water 

-.IK T Cl • 1 Tr 1 -xv . pressure up to 150 

Fig. 115. Large Swing Check Valve with Gate. ^ . 

pounds. The relief 

gate shown is used on sizes larger than 16 inch. These valves 
are made with screwed ends, flanged ends, and hub ends, and in 
sizes from 2 V 2 to 24 inches. 

Operation of Valves, — While the purpose of this book is not 
to deal with operation of valves and piping, there are a few 
points which are worth setting down. A steam valve should 
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never be opened quickly as the rush of steam is likely to bring 
about a dangerous condition, especially if there is any water 
present. A leaky valve cannot be made tight except by re-grind- 
ing. Screwing down the valve excessively will only result in 
damage to the valve. In attaching screwed end valves the wrench 
should always be applied 
to the end nearest the pipe, 
as valve bodies are not 
designed to transmit the 
forces required in “mak- 
ing up^' lines. When the 
wrench is applied to the 
opposite end of the valve 
it produces distortion. A 
valve should always be 
closed tightly when being 
put into place. Cement 
or graphite should not be 
put into the valve threads, 
but on to the pipe so that 
it will not get into the 
valve and hold such grit 
and dirt as may come through the pipe, 
always be thoroughly blown out after 



Fig. 116. Location of Valves. 


A new pipe line should 
construction, and it is 
well if possible to examine the valves after this blowing out and 
before closing them. 

Location. — The location of valves should receive careful atten- 
tion, as many accidents have occurred through the placing of 
valves in inconvenient places. Sometimes the valve stem can 
be placed in a horizontal position and operated from the floor 
by means of a chain or similar device. The operator should not 
be required to open and close valves when they are in such a 
position that he places his life in danger should there be an acci- 
dent of any kind. Where a gallery or platform is used near valves 
it should be placed to one side of the line, as shown in Fig. 116 
rather than directly over the steam line with the valve stems 
extending through the platform. In the latter case the workman 
is directly over the line and in case of breakage is in great danger of 
being scalded by the escaping steam. 
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CHAPTER VII 


SPECIAL VALVES 


The purpose of this chapter is to describe some rather special 
forms of valves which are used for various purposes, such as 
blow-off valves, boiler stop valves, reducing valves, pump gover- 
nors, back pressure valves, and relief valves. The large number 
of special forms and arrangements make it impossible to do more 
than suggest the types that are available and some of the uses. 
Manufacturers^ catalogs should be consulted for more complete 
and detailed descriptions of special valves that are regularly made. 

Butterfly Valves. — In Fig. 117 is shown a cross-sectional view 
of a butterfly valve, which consists of a disc which may be re- 
volved either in line with or 
across the opening, very much 
like the damper in an ordinary 
stove pipe. These valves can 
be used only for regulating 
purposes where absolute tight- 
ness is not essential. 

Blow-off Valves. — Special 
valves are made for use in 
the blow-off pipes of boilers. 
Such valves require as clear 
a passage way as possible, 
and that it shall be without 
interfering parts. Several de- 
signs are shown in Figs. 118, 
119, and 120, where the con- 
struction of each is clearly 
shown. The objection to ordi- 
nary valves is that they afford an opportunity for scale or sedi- 
ment to obtain lodgment and prevent closing. The severe 
conditions of service require that blow-off valves be of heavy 
construction. Blow-off valves are made either straight, angle. 
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or Y form. Fig. 118 is a Y blow-off valve, made by Walworth 
Company. Often two valves are used together in the blow-off 
pipe to make sure of a tight blow-off. Fig. 119 shows a Crane 
blow-off cock with a compensating spring 2 located between the 



plug 1 and the cap 3 which automatically takes up wear and 
holds the plug securely in place at all times, preventing the accum- 
ulation of scale, sediment, etc., which would tend to impair the 
ground surfaces of the plug and body. The Simplex seatlcss 
blow-off valve as made by the Yarnell- Waring Company is illus- 
trated in Fig. 120. This valve has no seat but closes by moving 
the plunger 3 down past the port. In closing the valve the shoulder 
1 on the plunger 8 engages the loose follower gland 2 and so com- 
presses the packing 4 above and below the port, thus making 
the valve tight. There are many other worthy forms which space 
will not permit describing. 
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Plug Valves. — The plug valve shown in Fig. 121 is made by 
the Homestead Valve Manufacturing Compan;/- for steam, com- 
pressed air, and hydraulic service. This valve is so constructed 
that when it is closed it is 
at the same time forced 
firmly to its seat. This 
result is secured by means 
of the traveling cam A 
through which the stem 
passes. The cam is pre- 
vented from turning with 
the stem by means of the 
lugs B which move verti- 
cally in slots. Supposing 
the valve to be open, the 
cam will be in the lower 
part of the chamber 


in 




plug will be free to be easily moved. A quarter of a turn in the 
direction for closing it causes the cam to rise and take a bearing 
on the upper surface of the chamber, and the only effect of fur- 
ther effort to turn the stem in that direction is to force the plug 
more firmly to the seat. A slight motion in the other direction 
immediately releases the cam and the plug turns easily, being 
arrested at the proper open position by contact of the fingers of 
the cam at the other end of its travel. The balancing ports E 
and D allow the pressure to predominate at the top of the plug, 
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holding it gently in its seat while the valve is open. This valve 
is made in sizes up to six inches, and for pressures up to 5000 
pounds. 

Boiler Stop Valves. — A boiler stop valve is a valve in the con- 
nection of the boiler to the steam main, and may be of the globe 
or angle type, hand operated. The larger sizes should be fitted 
with a by-pass. When a plant 
consists of two or more boilers 
some form of automatic non- 
return valve in addition to the 
stop valve should be provided. 

The purpose of the automatic 
valve is to prevent back flow 
from the main steam pipe when 
the pressure in one boiler is 
lower, due to the bursting of a 
tube or other causes. Such 
valves are made by many of the 
valve companies, and advantages 
are claimed for each design. 

Foster Automatic Valve. — The 
automatic non-return stop valve 
shown in Fig. 122 is made by the 
Foster Engineering Company. When installed between the 
boiler and header it will equalize the pressure between the units 
of a battery of boilers, remaining closed so long as the pres- 
sure is lower than that of the header. The valve will open and 
remain in that position when the boiler pressure is equal to the 
pressure in the header. It automatically prevents the back 
flow of steam into a disabled boiler and acts as a safety stop 
valve to prevent steam being turned into a cold boiler while 
men are working inside — the pressure in the header making it 
impossible to open the valve. The valve may be closed in the 
same manner as an ordinary stop valve by screwing down the 
stem. 

The operation of the valve is described as follows: Inlet A is 
connected to the boiler nozzle, and outlet side B to the header. 
When the pressure at A is one pound or more greater than the 
pressure at B the valve C lifts and is held open by the flow of 
steam passing through the valve. If the pressure at A should 
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fall below that at B, due to the blowing out or weaning of a tube, 
a cock blowing off, or from other cause, the back flow of steam 
from B acting on the upper side of clapper C plus its weight, 
forces the valve automatically to its seat. The clapper is then 

held to its seat until there 
is an equalization of pres- 
sure on both sides of it. 

Emergency Stop Valves. 
— As a further protection 
against accidents, and to 
safeguard the lives of 
operators, emergency 
valves have been devised, 
combining the duties of 
the automatic non-return 
stop valve, automatic 
safety stop valve, auto- 
matic emergency stop 
valve, and hand stop 
valve. 

The Foster automatic 
non-return emergency stop 
valve is shown in Fig. 123 
and described as follows: 
in the event of a rupture 
in the main line or a 
break in fittings causing 
a sudden escape of steam, 
it will close automatically and prevent further flow of steam 
from the boiler or boilers. Small emergency pipes may be run 
to different parts of the plant, and when desired, steam may 
be shut off by opening a small globe valve, which should be 
placed at convenient points, in the emergency lines, permitting 
the isolating of any boiler in a battery at will from a distant 
point if necessary. The valve may also be closed in the same 
manner as an ordinary stop valve. The operation of this valve 
as a non-return valve is the same as for Fig. 122. As an auto- 
matic and emergency stop valve. The pilot or governing valve 
Fig. 124 may be placed near the main valve, or located at any 
point desired, Fig. 125, A Vs-inch pipe connection is made from 
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the boiler to the pilot valve at C, and from the pilot, at E to the 
chamber D of the main valve at F. The diaphragm chamber 



J of this pilot valve is also connected to the header or at any 
point on the main steam line beyond the outlet of the main valve. 
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Whenever, from rupture or other causes, the pressure in the main 
lines falls abruptly, a corresponding effect is experienced upon 
the upper diaphragm 4^ of the pilot valve, thus allowing the 
boiler pressure acting upon and under the lower diaphragm JfS' to 
open valve 36 (which is normally closed) and close valve 37. 

The full boiler pressure then is 
enabled to flow through the 
main port of the pilot valve 
into chamber D of the main 
valve, against piston 19 , the 
area of which is greater than 
the main valve instantly 
closing the latter to its seat, 
preventing the flow of steam 
in either direction. The main 
valve 2, then having been 
closed automatically, will re- 
main closed until the pressure 
in chamber D is relieved. This 
is accomplished in the follow- 
ing manner: the hand wheel 
Jf.6 of the pilot valve is turned 
to the right until valve 36 is 
forced to its seat, thus cutting 
off live steam chamber D of 
main valve, and at the same 
time forcing valve 37 off its seat, exhausting the steam in 
chamber D of main valve to the atmosphere, through the pipe 
connection at M. After sufficient steam pressure has been raised 
to hold down the upper diaphragm 48 of the pilot valve, which 
may be determined by the exhaust connection at M not blow- 
ing, the alarm K (which will otherwise give notice) is then 
closed by turning the hand wheel 4^ to the left, in which (its 
normal position) it is again ready for automatic action. 

The Pilot Valve, Fig. 124, is constructed so that variations or 
fluctuating conditions of the boiler pressure between maximum 
and minimum loads will not influence the pilot, which requires 
no adjustment to meet these conditions. The valve is automatic 
and will respond only to any drop in line pressure for which it is 
designed and intended. A number of ^/s-inch branch pipes may 



Fig. 124. Foster Pilot Valve. 
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be run to and Ioca.ted at any desired point from the line leading 
to the diaphragm chamber J of the pilot valve — on each of these 
laterals a small globe valve is mounted. The mere cracking of 
one of these globe valves obtains the same result as a break in 
the main lines, in that the steam is in this way bled from the 



diaphragm chamber J, functioning both the pilot and the main 
valve. By the use of these emergency valves a boiler may be 
cut out from a battery at will, from a distant point without the 
necessity of access to the boiler. 

Crane-Erwood Automatic Valve. — The automatic double act- 
ing non-return and emergency cut-out valve shown in Fig. 126 
is made by Crane Company. Some of the claims for this valve 
are as follows: The valve will close automatically if any part 
of the header or distributing lines fail; the valve will open when 
the boiler to which it is connected reaches the full pressure in 
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the main; the valve will prevent back-flow of steam from the 
main in the event of a tube blowing out or other accident to the 
boiler; the valve may be used as an emergency valve by attach- 
ing a cord to the lever so that it can be closed by hand at a dis- 
tance^ or may be operated electrically. The levers on the outside 
of the valve are in line with the discs, and indicate their position 
and operation. The separating link connecting the outside lever 
may be adjusted to suit the load carried. Shortening the hnk 
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decreases the volume of steam passing through the valve; length- 
ening the link increases the volume. Such adjustments do not 
interfere with the operation of the valve. The valve may be 
adjusted to close at any desired velocity. The purpose of the 
by-pass is to provide for the valve to open automatically when 
the pressure in the header equals the pressure in the boiler 
after the valve has been closed due to a break or reduction in 
pressure beyond the outlet of the valve. 

Reducing Valves. — Reducing valves are valves made to re- 
duce and maintain automatically a constant pressure of steam 
or air with variable initial pressures. Such valves are employed 
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for reducing boiler pressure for use with all kinds of steam heat- 
ing systems, central station heating, paper machines, engines, 
kettles and cooking apparatus, and other conditions necessitat- 
ing a reduced pressure. 

A reducing valve used to 
supply a steam engine 
should be placed some 
distance from the engine 
in order to provide as 
large a reservoir as possi- 
ble for the engine to draw 
from. A receiver may be 
placed between the valve 
and steam cylinder to 
serve the same purpose. 

It should have a capacity 
greater than the volume 
of the steam cylinder. 

When a reducing valve is 
to be placed in a pipe line, 
the piping should be thor- 
oughly blown out. With 
new pipe sufficient time 
should be allowed for the 
oil or grease to be com- 
pletely burned out. 

The reducing valve 
shown in Fig. 127 is made 
by the Mason Regulator 
Company. This valve is 
controlled by the varia- 
tion of the reduced pressure acting through the port A, on the 
diaphragm 1 . This diaphragm is resisted by a spring which is 
adjusted to the reduced pressure. The auxiliary valve 3 is held 
in contact with the diaphragm by the auxiliary valve spring 4, 
and moves up and down freely with the diaphragm. As soon as 
the valve 3 is open, steam passes through into the port B, and 
under piston 5. By raising piston S, the main valve 6 opens against 
the initial pressure because the area of valve 6 is only one-half of 
that of piston 5; steam is thus admitted to the system. When 



Fig. 127. Mason Reducing Valve. 
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the pressure in the system has reached the required point, which 
is determined by the spring 2^ the diaphragm is forced upward 
by the low pressure which passes up through port A to chamber 
C under the diaphragm, allowing valve 3 to close, shutting o£E 
the steam from piston 5. The main valve 6 is now forced to 

its seat by the initial 
pressure shutting off 
steam from the system 
and pushing the piston 5 
down to the bottom of 
its stroke. The steam be- 
neath piston 5 exhausts 
freely around the piston, 
being fitted loosely for 
this purpose, and passes 
off into the system. In 
practice the main valve 
does not open or close 
entirely with each slight 
variation of pressure, but 

assumes a position which 
Fig. 128. Lever Style Reducing Valve. just the steam 

required to maintain the required pressure. Piston 5 is fitted 
with dashpot 7 which prevents chattering or pounding. 

Where low pressures of from zero to 25 pounds per square 
inch are employed, as on low pressure heating systems, central 
station heating, and similar conditions where the initial pres- 
sure may be high, the form of valve shown in Fig. 128 is 
often used. The valve illustrated is the Mason lever style, 
and consists of a balanced valve I, which is under the control 
of the diaphragm by means of the stem 3 and an extension 
stem ^ which is connected to lever 5. This lever is pivoted 
at 6, The reduced pressure is determined by the amount of 
weights 7, and for very low pressures the weight 8 is used 
to counterbalance the weight of the lever. In action, the 
reduced pressure from the low pressure system passes through 
a small pipe to connection P, and then down around the stem 
3 into the diaphragm chamber where it exerts its pressure on 
the diaphragm. This pressure, balanced by weights 7, causes 
the valve 1 to assume the proper position to supply the 
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necessary volume of steam to maintain the required reduced 
pressure. 

The Auld Company's ‘^Quitetite’’ reducing valve may be ex- 
plained by reference to Fig.’ 129, and the makers’ description. 
High pressure steam enters valve by branch marked inlet and 



Fig. 129. Auld ^^Quitetite” Reducing Valve. 


acts between valve D and piston P which are of the same area 
and, therefore, in equilibrium on H.P. side. Reduced pressure is 
obtained by screwing up adjusting nuts 1 until pointer 4 on Spring 
Bolt S is opposite the figure representing the reduced pressure 
required. Acting through the lever 0 the extension of spring 6 
opens up valve D and passes steam at reduced pressure to outlet 
side and when the pressure of this reduced steam tends to rise 
above that required it closes the valve by acting on back of the 
valve D and chamber Q. When the pressure tends to fall the 
tension of spring overcomes the force holding valve closed and 
opens valve, allowing it to admit more steam to the L.P. side, and 
in this way the reduced pressure is kept constant. 
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A flexible diaphragm J is fitted at lower end of valve body, 



which makes a frictionless steam- 
tight packing between the station- 
ary and movable lower parts of 
the valve. This diaphragm is pro- 
tected from the action of steam by 
water of condensation which col- 
lects in the lower parts of the valve 
and keeps the diaphragm cool. 

The operation of the Fisher re- 
ducing valve shown in Fig. 130 is 
as follows: the inner valve 1 is 
held open by the lever and weight 
2, The volume of steam which 
passes through the valve builds up 
in the low pressure main and 
enters the diaphragm chamber 
through the controlling pipe line S, 
When the desired low pressure is 
reached; a balance is formed with 
the lever and weight. This action 


regulates the opening in the valve, and maintains the pressure 


for which the valve is set. 

When a large volume of 
steam is required at low 
pressure, such as for heating 
systems, and it must be re- 
duced from a high pressure, 
reducing valves may be made 
with an increased size of 
outlet. Such valves are used 
on vacuum systems of steam 
heating, and for low pressure 
steam turbines when the sup- 
ply of exhaust steam is not 
sufficient and live steam must 
be reduced from boiler pres- 



131. Increased Outlet Reducing 
Valve. 


sure. The method of piping this type of valve is shown in Fig. 
131. The pipe A should be tapped into the low pressure 
main at a distance from the valve so as to get the average low 




Initial Steam Pressure 


SPECIAL VALVES 


127 



Fig. 132. Pounds of Steam per Hour Delivered by Reducing Valves. 





i 
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pressure. The outlet is often made double the size of the inlet, 
thus increasing the area four times. 

Reducing Valve Sizes. — The chart shown in Fig. 132 from 
the catalog of the Auld Company may be used to determine the 
size of their valves when the reduced pressure is less than three- 
fifths of the lowest high pressure, with a 
regular demand for steam. To use the 
chart, find the high pressure and follow the 
horizontal line representing it until it inter- 
sects with the curve giving the required 
weight of steam. Vertically above or below 
this intersection will be found the size of 
^ valve. 

Pump Governors. — A pump governor is 
a valve placed in the steam line and ar- 
ranged to maintain a constant discharge 
pressure regardless of the initial pressure. 
Such governors are used on all kinds of 
pumps for fire, boiler feed, water works, 
hydraulic, elevator, and other services where 
pumps work against pressure. The opera- 
tion of such a governor may be understood 
^ by reference to Fig. 133, which shows a 
Fisher pump governor. Steam from the 
boiler passes through the semi-balanced 
double seated valve 1 into the pump steam 
chest. The valve is held open by the 
, spring shown inside the pressure regulating 
Pump Governor. Cylinder 2. A pipe from the pump discharge 
is piped to the top of the pressure regulating 
cylinder at 3. The discharge pressure acts directly on the 
piston and operates the steam valve by overcoming the ten- 
sion on the spring. In this manner the discharge controls the 
supply of steam to the pump. For ordinary service the parts 
are made of cast-iron with bronze trimmings. Superheated steam 
requires steel bodies and Monel metal or nickel steel trimmings. 

The arrangement of the piping for a governor used for con- 
trolling the discharge pressure from a pump used for boiler feed, 
water works, and similar service where the pump is operating 
against pressure is shown in Fig. 134. 
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The method of attaching and operating the governor shown 
in Fig. 133, as described by the Fisher Governor Company, is as 
follows: 

To Attach and Connect. Place the governor between the 
steam chest and throttle valve so that governor wiU stand per- 
pendicular; connect outlet side of governor with the steam pipe 
on steam chest, then connect the steam pipe to the branch or 
side inlet, placing throttle valve in most convenient place. Use 
short nipples and place governor as close to pump as possible. 



^^For connecting the discharge to governor, tap the discharge 
main or pipe, if horizontal, on the side, and if for one governor, 
tap for ^/s-inch pipe; run pipe up about a foot higher than gov- 
ernor, then over it and down and connect to globe valve on top 
of pipe work over governor. If for two governors on pump dis- 
charging into same main, tap for V 2 -inch pipe and run up and 
over until on a line between governors, then put on a “T” 
and run to right and left until over governor, then connect to 
globe valve. 

If you can tap discharge main or pipe, five or six feet from 
pump, do so as governor will be less affected by the pulsation of 
water from pump. However, if you must tap close to pump, this 
pulsation can be avoided and pump run smoothly by partly clos- 
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ing the upper globe valve. Do not connect close to air 
chamber. Run piece of Vs-inch pipe from drip at bottom of 
brass cylinder to floor or sewer. The drip pipe must never be 
connected with waste pipe from steam cylinder blow-off cocks 
or exhaust pipe, as the hot steam will burn out the cup leather 
piston packing. 

Operate, The upper wheel in yoke is simply for a lock 
nut. Turn it to the left, then turn lower wheel to the right, which 
raises and opens the steam valve, when partly open, open your 
throttle valve and start your steam pump, now close the lower, 
or angle valve over governor and open the upper globe valve; 
this will give you the water pressure of the discharge main on 
piston in water cyhnder. Then regulate by screwing up or down 
on lower wheel in yoke, until your water pressure gauge shows 
the pressure you desire to carry; then lock in place by turning 
upper wheel to the right until up tight against bottom end of the 
piston rod. 

^^In starting and stopping your pump, do it with the throttle 
and do not change the adjustment of your governor. Pack valve 
stem as light as you can and screw stuffing box-nut down lightly 
with thumb and finger, just enough to hold the steam and no 
more. Do not use wick packing. Once every month run your 
engine by the throttle, shut off water pressure, open union in 
pipe work, take off clyinder cap, take out piston, wipe the cylinder, 
clean and wipe piston head, and lubricate them with vaseline. 
Always keep your governor clean.’’ 

Back Pressure Valves. — The purpose of this form of valve is 
to maintain a uniform back pressure in the exhaust pipe from 
an engine when the steam is used for steam heating, drying, cook- 
ing or other purposes. 

The Fisher valve shown in Fig. 135 has an inner valve chamber 
with two accurately machined ports of different areas in which 
the semi-balanced, double piston type of valve works. This 
avoids the use of a heavy counterweight and eliminates the tend- 
ency to pulsate and hammer. The steam exerts a pressure on 
both valves, the smaller one tending to close and the larger to 
open, so that the difference between the two forces tends to 
keep the valve open. Since the valve stem is connected to the 
lever arm, the weight tending to keep the valve closed may be 
moved to a position where the valve will open at the required 
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Fig. 135. Fisher Back Pres- 
sure Valve. 


pressure. The lever and weight control can be adjusted to hold 
the valve open when no back pressure is wanted. 

The Foster back pressure valve shown in Fig. 136 operates 
with a spring instead of a weight. 

The valve is made up of two pieces 
between which the valve seat is 
clamped. The valve has a piston 
and guide stem integral with it. A 
spring and compensating lever hold 
the valve to its seat. A push rod 
rests on the bottom of the dash-pot 
piston and engages with the end of 
the compensating lever which has its 
fulcrum at 1 . The spring bears against 
the lever through a pivot washer 
and is adjusted by the screw 8. 

When the steam pressure lifts the valve, the latter pushes up the 
compensating lever. As the latter moves, the length of the arm 
on which the spring acts shortens, so that as the resistance of 
the spring increases a greater leverage is obtained with the 

result that the back pres- 
sure beneath the valve re- 
mains constant regardless 
of the opening of the valve. 
When for any reason the 
flow of steam lessens, the 
spring forces the valve 
slowly to its seat, the dash- 
pot Jf. cushioning its move- 
ment. Hole C is drilled 
through bottom of the 
dash-pot to admit of the 
passage of steam or vapor 
from or into the dash-pot. 
A drain pipe is connected 
to the casing at D just 
above the seat to drain 
water of condensation. When no back pressure is required, the 
valve may be thrown out of commission by turning screw 5 to 
the right to shoulder which carries the valve off its seat. 



Fig. 136. Foster Back Pressure Valve. 
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Automatic Exhaust Relief Valves. — With condensing engines 
and steam turbines it is necessary to use a valve in the exhaust 
pipe, which will open and allow the steam to exhaust direct to 

the atmosphere in case 
pressure accumulates, 
due to loss of vacuum 
from any cause. Such 
valves are designed to 
remain closed under 
usual operating condi- 
tions, but automati- 
cally open to atmos- 
phere as soon as the 
vacuum is lost. The 

position of the valve 
Kg. 137. Fisher Exhaust Relief Valve. ^ 

to the atmosphere and taken from the main exhaust pipe be- 
tween the engine and condenser. 

The Fisher exhaust relief valve is shown in Fig. 137. The valve 
is kept closed by atmospheric pressure. It may be kept open by 
the screw 1 and lever ^ when desired. The purpose of the internal 
dash-pot is to prevent hammering when the valve is in operation. 
A water seal is provided to insure tightness when the valve is used 
with a high vacuum. 

Safety Valves. — The purpose of a safety valve is to relieve the 
boiler in case the steam pressure rises above the desired amount. 
There are two general forms, the older form being of the weight 
lever type, and 
the modern spring 
or ‘‘pop” type. 

The lever type 
is shown in Fig. 

138. The pressure 
at which the valve 
win open is regu- 
lated by moving 








yt<£-/S//r 


Fig. 138. Lever Safety Valve. 


the weight in or out on the lever. This form is open to several 
objections; the blowing-off pressure is too easily changed, and 
the action of the valve is likely to be sluggish, both when open- 
ing and when closing. 
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A pop safety valve is shown in Fig. 139. Such valves are more 
certain in their operation, and are almost universally used. The 
valve operates against a spring which can be set for the pressure 
at which the boiler is to ^^blow off.^^ Boiler pressure acting on 
the under side of the valve raises it slightly, exposing a larger area 
which causes the valve to '^pop'^ open. The range of operation 
can be maintained very closely with this type of valve. The lever 
attachment is for the purpose of operating the valve by hand. 
The valve shown in the figure is made by Crane Company and is 
provided with a patented self-adjusting auxiliary disc and spring 


NAMES OF PARTS 


1 BODY 

2 BONNET 

3 CAP 

4 LEVER 

6 MAIN SPRING 

7 AUXILIARY SPRING 
a MAIN DISC 

9 AUXILIARY DISC 

10 ENCASING SLEEVE 

11 MAIN SPRING WASHERS 

12 AUXILIARY SPRING NUT 
1G ADJUSTING SCREW 

14 FULCRUM 

15 STEM KEY 

16 ADJUSTING SCREW Cock* NUT 
18 STEM 

20 SEAT BUSHING 

21 STEM PIN 


Fig. 139. Crane Pop Safety Valve. 

operating independently of the main spring and disc. The device 
automatically regulates the blow-back of the valve within cer- 
tain limits and combines the following qualities: high discharging 
capacity; small blow down of pressure; minimum waste of steam; 
absence of wiredrawing at the seat and prompt seating without 
hammering. The dotted lines in the figure indicate a type of 
valve in which the springs are enclosed in a casing or chamber. 
This type should be used when the outlets of the valves are piped 
to the atmosphere and is necessary where a number of valves are 
connected to one exhaust or discharge pipe. The spring chamber 
extends over a large portion of the top surface of the valve disc 
and tends to prevent chattering caused by back-pressure due to 
long or deflected discharge pipes. It also prevents any tendency of 
back-pressure from retarding the action of a valve about to pop. 
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Installation of Pop Safety Valves. — The directions for the 
installation of iron body pop safety valves are quoted from Crane 
Company. 

^Top safety valves should be installed on a saddle nozzle if 
possible. If piping is used between the boiler and the valve, it 
should be of a larger size than the nominal diameter of the valve. 
Care should be taken that no chips, scale, red lead or other sub- 
stances are left in the inlet of the valve or in the boiler connec- 
tions to it. Where new valves are found to be in a leaky condition, 
this defect, in most cases, can be traced back to one of the above 
mentioned causes. 

The first time pressure is raised in a boiler on which new pop 
valves have been installed, open the valve by pulling the lever 
when the pressure is within about 5 or 10 pounds of the set 
the valve, and keep the valve open 
long* enough to make sure that all foreign 
m out of the valve and connections, 
led in the outlet of the valve, this should under 
oe reduced in size, and if more than one fitting 
J.O xii oxic: line the entire installation beyond the first fitting 
should be increased in size. Be sure to support this piping, 
as many a perfect valve has been transformed into a leaky one 
by reason of improper support of the outlet pipe. 

“Do not install any pop valve in a horizontal position.” 

Extracts from Report of American Society of Mechanical Engineers 
Boiler Code Committee. (Power Boilers) 

SAFETY VALVE REQUIREMENTS 

269. Each boiler shall have two or more safety valves, except a boiler for 
which one safety valve 3-in. size or smaller is required by these Rules. 

270. The safety valve capacity for each boiler shall be such that the safety 
valve or valves will discharge all the steam that can be generated by the 
boiler without allowing the pressure to rise more than 6 per cent, above the 
maximum allowable working pressure, or more than 6 per cent, above 
the highest pressure to which any valve is set. 

277. The safety valve or valves shall be connected to the boiler independ- 
ent of any other steam connection, and attached as close as possible to the 
boiler, without any unnecessary intervening pipe or fitting. Every safety 
valve shall be connected so as to stand in an upright position, with spindle 
vertical, when possible. 

278. Each safety valve shall have full sized direct connection to the boiler. 
No valve of any description shall be placed between the safety valve and 
the boiler, nor on the discharge pipe between the safety valve and the atmo* 
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lere. When a discharge pipe is used, it shall be not less than the full size 
the valve, and shall be fitted with an open drain to prevent water from 
ging in the upper part of the safety valve or in the pipe. 

180. When a boiler is fitted with two or more safety valves on one con- 
tion, this connection to the boiler shall have a cross-sectional area not less 
n the combined area of all the safety valves with which it connects. 

86. A safety valve over 3-in. size, used for pressures greater than 15 
inds per square inch gage, shall have a flanged inlet connection. The 
lensions of the flanges shall conform to the American Standard. 

ETY VALVES FOR HEATING BOILERS 

>54. No shut-off of any description shall be placed between the safety 
vater relief valves and boilers, nor on discharge pipes between them and 
atmosphere. 

555. When a discharge pipe is used, its area shall be not less than the 
a of the valve or aggregate area of the valves with which it connects, and 
discharge pipe shall be fitted with an open drain to prevent water from 
ging in the upper part of the valve or in the pipe. When an elbow is 
^ed on a safety or water relief valve discharge pipe, it shall be located 
;e to the valve outlet or the pipe shall be securely anchored and supported. 
5 safety or water relief valves shall be so located and piped that there will 
TO danger of scalding attendants. 

>58. The minimum size of safety or water relief valve or valves for each 
er shall be governed by the grate area of the boiler, as shown by Table 74. 

TABLE 74 

Allowable Sizes of Safety Valves for Heating Boilers 


ter evaporated 
er Square Foot 
f Grate Surface 
er Hour Pounds 

75 

100 

160 

160 

200 

240 

ximum Allow- 
ble Working 
Pressure Pounds 
er Square Inch 

Zero 

to 

25 Lbs. 

Over 25 
to 

50 Lbs. 

Over 50 
to 

100 Lbs. 

Over 100 ' 
to 

150 Lbs. 

Over 150 
to 

200 Lbs. 

Over 200 
Lbs. 

iam. 

Area of 







of 

live 

Valve 

Square 


Area of Grate, Square Feet 


ches 

Inches 








0.7854 

2.00 

2.50 

2.75 

3.25 

3.5 

3.75 

‘A 

1.2272 

3.25 

4.00 

4.25 

5.00 

5.5 

5.75 

‘A 

1.7671 

4.50 

5.50 

6.00 

7.25 

8.0 

8.50 


3.1416 

8.00 

9.75 

10.75 

13.00 

14.0 

15.00 

72 

4.9087 

12.50 

15.00 

16.50 

20.00 

22.0 

23.00 


7.0686 

17.75 

21.50 

24.00 

29.00 

31.5 

33.25 

72 

9.6211 

24.00 

29.50 

32.50 

39.50 

43.0 

45.25 


12.5660 

31.50 1 

38.25 

42.50 

51.50 

56.0 

59.00 

72 

15.9040 

40.00 1 

48.50 

53.50 

65.00 

71.0 

74.25 
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When the conditions exceed those on which Table 74 is based, 
the following formula for bevel and flat seated valves shall be 
used: 


A = 


P 


(18) 


in which 

A = area of direct spring-loaded safety valve per square 
foot of grate surface, sq. in. 

W = weight of water evaporated per square foot of grate 
surface per second, lb. 

P = pressure (absolute) at which the safety valve is set 
to blow, lb. per sq. in. 


CHAPTER VIII 
STEAM PIPING 


General Considerations. — It is not the purpose of this chapter 
to deal with pipe lines in an exhaustive way, as there are large 
books devoted to this one subject, but it is intended to tell some- 
thing of the general arrangement of pipe lines and some of the 
things to be considered. 

The layout of a piping system is a question of design and ranges 
from the piping of a single engine and bqiler to the complex system 
of the large power plant. In piping as in all other branches of 
engineering work ''safety first'' should be one of the guiding 
principles. To this end the best of material and workmanship 
should be called for. These, together with intelligence in design 
will give both economy and safety in operation and maintenance. 
The items of general application to any system may be listed as 
follows: 

A. Reduce the length to the smallest practicable distance. 

B. Have as few fittings and valves as safety and operating 
conditions will allow. 

C. Make allowances for expansion and contraction. 

D. Make allowances for drainage. 

E. Make allowances for supports. 

F. Eliminate vibration as much as possible. 

G. Make allowances for sectionalizing or shutting off any por- 
tion of the system. 

H. Consider the size of pipe from the viewpoints of safety, 
economy in first cost, economy in operation, radiation losses, loss 
in pressure, and velocity of flow. 

Header System. — There are a number of systems for laying 
out high pressure steam piping. In every case it is desirable to 
maintain as uniform a velocity of flow as possible throughout the 
system. The simplest is the header system. When the engines 
and boilers are placed back to back as shown in Fig. 140, a small 
size of header may be used. As the engines and boilers are close 
together the pipe lines are short and direct. The header may be 
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located either in the boiler room or in the engine room, but 
preferably in the boiler room. When the engines and boilers are 
placed end to end as shown in Fig. 141 a larger header is required, 
as all the steam must pass through the header at a single section. 
The sections of the header farthest from the engines may be made 



Fig. 140. Header System of Piping. 


smaller as they carry only a part of the supply. A separate 
header may be provided for supplying steam to pumps and other 
auxiliary apparatus. 

Direct System with Cross-over Header. — A direct system of 
piping with cross-over header used in the Connors Creek Station 
of the Detroit Edison Company is shown in Fig. 142 from the 
September, 1915, Journal A. S. M. E., and described by C. F 
Hirshfield. The live steam piping consists of a run from two 
boilers to the unit which they serve, all of these runs being cross- 
connected by a cross-over header. The steam leads from each 
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boiler are of 10-inch pipe and these join together in a Y-fitting, 
which has a 14-inch discharge. Under full load conditions with 
two boilers supplying one unit, the steam velocities will be about 



10,500 feet per minute in the 10-inch pipe, and 12,000 feet per 
minute in the 14-inch pipe. With three boilers supplying two 
units, these velocities will rise to about 14,000 and 16,000 feet 
per minute, respectively. The cross-over main necessitated a 



design which should permit steam from any two boilers to flow 
into that main, and steam from the main to flow into any turbine 
lead, with practically equal facility. 
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The steam leaving the 10 X 14 X 10 inch Y-branch previously 
mentioned, passes through a cast steel expanding nozzle which 
enlarges to a diameter of 28 inches. This in turn leads into a 
28-inch cast steel side-outlet T or side-outlet cross. The 28-inch 
lateral outlets of the latter fittings are the connection points of 
the cross-over main. The velocity of the steam passing into the 
cross-over, or from the cross-over main to the turbine lead, is 
thus reduced to about one quarter of its value in the 14-inch pipes, 
or roughly, a little less than 4000 feet per minute under the worst 
conditions. The steam turns through the necessary right angle 
at this low velocity and, therefore, with small loss. 

The steam for the auxiliary turbines is taken from a 6-inch 
outlet on top of the 28-inch fittings above described. 

All superheated steam piping is full weight steel with welded 
flanges. The flanges are finished smooth and corrugated steel 
gaskets are used. All fittings are cast steel. 

The atmospheric exhaust from the main unit is made of riveted 
steel pipe and fittings. The auxiliary exhaust piping is lap welded 
steel with Van Stone joints and fitted with corrugated copper 
gaskets. All saturated steam piping is extra heavy steel fitted 
with steel flanges. The fittings are all ' cast steel- and steel valves 
of American make are used. 

Ring System. — The ring system of piping provides a closed 
ring of piping from the boilers to the engines and back to the 
boilers. The purpose of this system is to allow operation of the 
engines from either direction, in order to insure continuous opera- 
tion. In case of accident parts of the line may be cut out. The 
extra amount of large pipe, valves and fittings make this sytem 
heavy, and expensive to install, as well as wasteful in operation 
due to the large amount of radiating surface and extra valves and 
joints to keep tight. There are cases where such a system may 
be desirable, but it is not used so extensively as formerly due to 
the improvements in materials and workmanship which have 
lessened piping failures. 

The ring main system of piping is shown in Fig. 143, which is a 
span of the Baltimore high pressure pumping station. This is an 
instance where reliability outweighs all other considerations. It 
is described by J. B. Scott in Volume 35 A. S. M. E. Trans. “A 
12-inch steam header forms a closed ring around the plant, with 
long radius expansion bends at all changes in direction. A suffi- 
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cient number of gate valves are placed in the header to sectional- 
ize it; so that any portion may be cut out without disabling more 
than one boiler or one pump. Pipe is full weight, lap welded, soft 
open-hearth steel. To provide an independent header for the 
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station auxiliaries, a 6-inch cross connection is made across the 
centre of the main header, which is capable of being fed from 
either side of the main header, in case of accident to the other. 
No fittings whatever are used in the main line, all branches being 
taken from interlocked welded necks. Boiler branches are pro- 
vided with non-return valves at the boiler nozzles and gates at 
the header end. Van Stone flanges are provided for connec- 
tions to the valves and receivers, which are located so as to avoid 
as far as possible the necessity for any additional joints in the 
fine. Wrought steel receiver type separators are installed at the 
low points on each side of the header.'^ 

Duplicate System. — The double main or duplicate system 
provides for two separate sets of piping in any of the following 
combinations : 

A. Two small size mains which together provide for the capac- 
ity of the plant. When necessary on account of accidents or re- 
pairs the plant can be operated with a single main by increasing 
the boiler pressure and steam velocities. 

B. One large main in regular use and a small idle main for 
use when necessary to have the large main out of commission. 

C. Two large mains, one in use and one idle. The duplicate 
system is expensive as it requires a large number of fittings and 
valves. Its purpose is to insure against shut downs, and there 
may be conditions where its use is desirable. 

Steam Velocity. — The velocity of high pressure steam flow 
in piping is not at all uniform, but ordinarily the average velocity 
may be taken at from 5000 to 8000 feet per minute. This veloc- 
ity is often exceeded, especially in large plants. Some values for 
actual plants are as follows: steam pressures 160 to 210 pounds 
per square inch, average 175; superheat, 100 to 200 degrees F., 
average 134; velocity of steam in boiler steam pipe, 3750 to 8700 
feet per minute, average 6150; velocity of steam in header, 4200 
to 11,400 feet per minute, average 7000; velocity of steam in 
turbine steam pipe, 3225 to 7900 feet per minute, average 5100. 

For turbines smaller pipes may be used than for engines as the 
flow is constant due to the uniform demand for steam. In the 
steam plant large piping sometimes acts as a receiver to supply 
the large amounts of steam required for short periods. Higher 
velocities result in smaller pipes which are much cheaper to in- 
stall and maintain. The matter of friction and drop in pressure 
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is not serious in view of high pressures and superheat commonly 
employed in large plants. In one large plant operating with 210 
pounds steam pressure the average steam velocity is 15,744 feet 
per minute, and even higher velocities are used. This tendency 
toward smaller pipes and higher velocities is advantageous in 
many ways; the first cost is less, the radiation losses are less, 
smaller repair expenses and provision for expansion is easier. 

For exhaust, velocities up to 30,000 feet per minute may be 
used in estimating sizes of pipe. 

Size of Pipe. — The size of pipe may be calculated from the 
volume of steam and the velocity of flow. 

p = absolute pressure, pounds per square inch. 

V = velocity of steam, feet per minute, 
s = specific volume of steam at given pressure, cubic feet 
per pound. 

a = internal area of pipe, square inches. 
w = weight of steam passing through pipe, pounds per 
minute. 


w = 


aV 

144s 


(19) 


a = 


14:Aws 

V 


( 20 ) 


From these formulae the area of the pipe required can be ob- 
tained and reference to the pipe tables will give the diameter. 
When the drop in pressure due to friction is to be considered, 
Babcock's formula may be used. 

L = length of pipe, in feet. 
p = drop in pressure, pounds per square inch. 
d = inside diameter of pipe in inches. 

D = mean density, pounds per cubic foot. 
w = weight of steam flowing, pounds per minute. 



In addition to the friction of the pipe there is the friction of 
valves and fittings to be considered. Where long radius pipe 
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they may be considered as being equal to the 
straight pipe. Gate valves produce very small 
V open. The friction of an ordinary 90 degree elbow, 
e, or for a square end opening may be found from 
en in Briggs’ paper on “Warming Buildings by 
the length of pipe equivalent to a globe valve or 
peiiing is found from the formula given below. 
d = internal diameter, in inches. 

E = equivalent length of pipe in feet. 


9.5d2 
3.6 + d 


(23) 


degree elbow the equivalent length is two-thirds of 


6.33d2 
3.6 -hd 


(24) 


The curves of Fig. 144 give the values of equation (24) for 
various sizes. 

The allowable drop in pressure varies with conditions and may 
be from one to ten pounds per square inch. For ordinary plants 
a drop of five pounds is allowable provided the boiler pressure is 
high enough to compensate for it so that an economical pressure 
is maintained at the engine. 

Equalization of Pipes. — From formula (21) 



the number of small pipes equivalent to a large one may be found. 
The variable factor in the formula is 


from which 

N : 






d -1-3.6 




d2® 


C?2 “1“ 3.0 






.(25) 


c?i 4" 3.0 


di = diameter of smaller pipe in inches. 
di = diameter of larger pipe in inches. 

N = number of smaller pipes equivalent to one large one. 
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Values for this formula are given in Table 75. Tables 76 and 
77 are from the Watson-Stillman Company's catalog of hydraulic 
valves and fittings. In Table 75 the values above the heavy black 
line are for standard pipe of the nominal diameter given. Below 
the line the values are for actual internal diameters. The method 
of using is the same for all three tables. To find the number of 
lV 2 "inch pipes equivalent to one 6-inch pipe, follow the line 
marked IV 2 across to the column headed 6 where the number 
given is 39.2., Below the line the table shows that 46 pipes IV 2 
inches actual inside diameter are equal to one pipe 6 inches actual 
inside diameter, as found by following the line marked 6 over 
to the column headed 1 V 2 - 

Superheated Steam. — When superheated steam is to be used, 
the selection of materials should be carefully made. Composi- 
tion or cast iron lose their strength when used with superheated 
steam and so are unsafe. Malleable iron or cast steel are the best 
materials to use, although cast iron or semi-steel may be used 
when the temperature is less than 500^^ F. Higher velocities 
are used with superheated than with saturated steam. In this 
way radiation losses are reduced. While there is a greater drop 
in pressure, the operation as a whole is generally economical 
as the heat of friction is given back to the steam. Piping for 
superheated steam should be well covered as the higher tempera- 
tures and low specific heat of superheat make conditions for 
radiation losses very much greater than for saturated steam at 
like pressures. Expansion and contraction are much greater 
with superheated steam and ample provision must be made to 
care for it. Specifications for superheated steam piping are given 
in Chapter XIX. 

Effect of High Temperature on Metals and Alloys. — The 

effects of superheated steam due to high temperature is to reduce 
the tensile strength of metals. An extensive series of tests made 
in Crane Company’s laboratories by I. M. Bregowsky and L. W. 
Spring are reported in an article read before the International 
Association for Testing Materials, and published in full by Crane 
Company. A large number of tests were made upon the ma- 
terials used by the above company in manufacturing their pro- 
ducts and so have an important bearing upon high pressure and 
superheated steam power plant piping. A number of curves from 
the report showing the average results of some of the tests are 
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TABLE 76 

Equamzation op Extra Strong Pipe 
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Fig. 145. [cont’d]. Effect of Temperature on Strength of Metals and 

Alloys. 


given in Fig. 145. In each case curve A is ultimate tensile strength, 
curve B is elastic limit, curve C is per cent, reduction in area and 
curve D is per cent, elongation. Pounds per square inch are given 
at the left of the curve, and per cent, at the right. 

The materials are: No, 1, Crane ^^hard metal,” a bronze made 
up of pure copper and tin, alloyed in proportions which give 
metal of high tensile strength and hardness. No. 2, aluminum 
bronze (5 per cent, aluminum), a bronze containing 95 per cent, 
copper and 5 per cent, aluminum. No. 3, acid metal. A phos- 
phorbronze of straight tin and copper. An alloy of high resistance 
to acids, which is used where ordinary metal would be likely to 
corrode. Not intended for high temperature purposes. No 4, 
ordinary steam metal. In general use for all pressures of saturated 
steam. No. 7, Crane cast iron. A factor which enters into the 
use of cast iron is the '^growth” or “permanent” expansion, which 
takes place when the metal is alternately heated and cooled a 
number of times. Crane Company has found that the cast iron 
of valves used for superheated steam is weaker after a few years 
of use. Cast steel is considered the best material for use with 
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superheated steam. No. 8, Ferrosteel (semi-steel). Essentially 
a strong cast iron, used for extra heavy” valves, for standard 
valves of sizes over 7 inches and wherever specified for other 
valves. No. 11, Crane cast nickel. No. 13, U. S. Navy brass 
“S-c” for government screw pipe fittings. (Cu. 77-80, Sn. 4, 
Pb. 3, Zn. 13-19 per cent.). No. 18, rolled Monel metal. No. 19 
cold-rolled shafting. 

Live Steam Header. — A live steam header of large size may 
be made up of riveted plates, of flanged fittings, or of welded 
steel. If made of steel plates riveted together there may be dif- 
ficulty in keeping all the joints tight, especially with high pressure 
steam. Flanged fittings or welded steel headers are more satis- 
factory. The number of joints involved when a large number of 
flanged fittings are used is often a source of trouble and may be 
avoided by using special fittings or welded headers, Figs. 51 and 
52, Chapter V. The size and arrangement of live steam headers 
depends upon the system of piping used and other factors having 
to do with the; particular design. Further information is given in 
the articles describing the various systems of piping and the sizes 
of steam pipes. 

Connections Between Boiler and Header. — The pipe between 
the boilc'r and hcauler should be arranged so that it will be self- 
draining, and with provision for expansion. A number of arrange- 
memts arc; shown in Mg. 146. With screwed pipe and fittings, 
expansion may be takcai care of by allowing the pipe to turn on 
the; Ihrc'ads. Bends may l)c used with cither screwed or flanged 
])i])ing to allow for expansion. Bends are desirable as they offer 
l(;ss rc'sistanca; to the steam flow and decrease the number of 
joints to be; made; and kept tight. 

The; location of the; valves is veay important, as it affects the 
propca* draining of t h(‘ i)ipe. The valve or valves should be placed 
at the; highc'st point in the connection to allow condensation to 
drain from the; valvc's in both directions and so keep the pipe dry. 
ddie arrangcarumt whem a single boiler is piped with one valve is 
shown at A, Fig.' 146. When more than one boiler is to be used 
the valve may be ]daced near the header, as in Fig. 146 at B. 
Other single-valve arrangements are shown in Fig. 146 at C 
and D. 

Good practice dictates the use of two valves and in many 
places the law requires two valves on boiler connections. One of 
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Fig. 146. Boiler to Header Pipes. 
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there should be provision for draining, Fig. 148, A, B, C. This 
can be avoided by taking steam from the top of the line, as in 
Fig. 148, D, which also protects the branch while it is in use. 
Two valves are shown in the illustrations, one a throttle valve 



Fig. 147. Header to Engine Pipes. 


near the engine or pump, and a stop valve near the steam hne. 
When a throttling governor is used the arrangement may be as 
at E, Fig. 148. Both valves are not always necessary, but they 
are desirable. The throttle valve can be used to regulate the 
machine, and the stop valve to close off the branch entirely when 
necessary. The throttle valve should of course be of the globe or 
angle pattern. The arrangement of piping when the different 
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forms of valves and regulating devices are used is taken up in 
connection with the description of the devices. 

Steam Loop. — The steam loop is an arrangement of piping for 
returning condensed steam to a boiler by gravity, as shown in 
Fig. 149. The water of condensation is carried up the riser along 
with steam, then into the horizontal pipe where the steam con- 
denses, and flows down the drop leg. When suflcicient water has 
collected in the drop leg, the increase in pressure will open the 



Fig. 148. Branch Pipes. 


check valve and the water will flow into the boiler. This opera- 
tion is repeated automatically as the drop leg fills. The head 
or pressure in the drop leg must at all times be greater than that 
in the riser in order to keep the loop in operation. The level of 
the water when the two pipes are l)alanced may he about one 
half way up the drop leg. The drop leg may be from 30 to 50 feet 
long, depending upon the loss in pressure between the boiler and 
drop leg and friction of piping and check valve. 

Injector Piping. — The general arrangement of piping for an 
injector is shown in Fig. 150 at A. The steam pipe should be 
taken from as high a point as possible and directly from the boiler. 
A globe valve should be placed at a convenient point in the steam 
pipe. The suction pipe should be as short and direct as possible, 
sometimes a size larger pipe than the injector connection is desir- 
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able. A foot valve may be necessary on a long lift. The globe 
valve is placed close to the injector. The discharge pipe should 
be the size of the injector outlet or larger, and should contain a 
check valve, placed at a considerable distance from the injector. 



When the water is not lifted the suction pipe should contain two 
valves, one close to the injector and one far away from it, Fig. 
150, at B, 

Live Steam Feed Water Purifier. — The Hoppes live steam feed 
water purifier is shown in Fig. 151. It consists of a cylindrical 
steel shell, within which are located a number of trough-shaped 
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Fig. 150. Injector Piping. 


pans. The pans are made of hard sheet steel with malleable 
iron ends. 

The water enters the purifier through pipe C and overflows the 
sides of the pans and follows the under surfaces in a thin film to 
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the lowest point and in direct contact with the steam Th 
ohds in solution are precipitated and adhere to the bottoms of 



Fig. 151 . Liv0 Steam Purifier. 

the p^s, while those in suspension a« «,tamed in the troughs of 
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supply live steam to the heater by an independent pipe A in order 
to be sure of sufficient pressure to allow the water to flow to the 
boilers by gravity. To cause such a flow, the bottom of the 
purifier should be placed two or 
more feet above the water level in 
the boiler. The feed pipe B from 
the purifier is connected to the feed 
line. The pipe C from the pump 
supplies the feed water to the purifier. 

This pipe can be used as a direct feed 
to the boilers by closing the proper 
valves. 

Steam for the pump is supplied by 
the pipe D, When the purifier is in 
operation the valve E should be 
closed and the valve F opened to 
allow circulation. 

Water Column Piping. — A water 
column is a hollow casting, tapped 
for three gage cocks, two water gage 
connections, and for connections to 
the steam and water spaces of the 
boiler as shown in Fig. 153. The 
object of the column is to show the 
height of water in the boiler. For this 
reason the steam connection should be taken from well above the 
water level and the water connection well below it. These con- 
nections should be made with tees or crosses with plugs instead 
of elbows. By removing the plugs the connections may be thor- 
oughly cleaned. Extra heavy 
wrought pipe may be used, 
but brass pipe of iron pipe 
size is much better. For 
small water columns one inch 
pipe is used, but IJ inch is a 
more usual diameter for all 
sizes. Valves may be placed 
in the boiler connections as 
shown, but should be arranged to indicate plainly when they are 
(‘losod. In some places such valves are prohibited. The steam 



Fig. 154. Thermometer Well. 



Fig. 153. Water Column 
Piping. 
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gage may be piped as indicated, but no other connection should 
be made from the water column piping. 

The Placing of Thermometers in Pipes. — There are many 
occasions where it is desirable to ascertain the temperature of 
the medium passing through a pipe. For this purpose thermome- 
ters may be used by inserting a thermometer well in the pipe line. 
The well should be partly filled with oil before inserting the ther- 
mometer. The arrangement 
is indicated in Fig. 154. For 
permanent locations thermo- 
meters are made with a well 
as part of the casing so that 
they can be screwed into place. 
The well should be made of 
close composition brass and 
be closed either with a bit of 
waste or arranged for a screw cap so that water can be kept 
out when the well is not in use. 

Steam Gages. — The location of gages for steam or water 
should have careful attention to insure correct readings. With 
steam gages some arrangement should be made for maintaining 
water between the gage and the steam, Fig. 155. For this pur- 
pose a goose neck may be used, or the gage may be placed below 
the steam line. When placed as at D a correction should be made 
for the head of water. The dial hand may be set to make the 
proper allowance. The location of water pressure gages should 
receive the same attention in order to avoid erroneous readings. 


Fig. 155. Steam Gage Locations. 


CHAPTER IX 
DRIP AND BLOW-OFF PIPING 

Drainage. — Steam piping should be arranged so as to avoid 
the possibility of condensed steam gathering in pockets and 
there becoming a source of danger. A slug of water picked up 
from such a pocket and carried along by a change in velocity of 
the steam can cause a great deal of damage by its impact with 
valves, fittings, etc. For this reason efiicient drainage must be 
provided. The slope of horizontal pipes should be at least 1 
inch in 10 feet, and in the direction of steam flow. The steam 
main should be drained from the bottom. The supply pipes 
should slope from the header to separators, and the engine supply 
should be taken from the top of the separator. The water from 
steam main drips can be gathered in a receiver and automatically 
pumped back to the boilers. The essentials of a properly designed 
system are provision for drainage when the pipes are full of steam 
under pressure but not flowing, and the care of all condensation 
when it is flowing. When a change in size of pipe is necessary, 
eccentric fittings may be used to keep the bottoms of the lines 
on the same level. The location of valves should receive careful 
attention. They should be placed so that the valve body will 
not form a water pocket. A gate valve with the spindle pointing 
downward is such a case. Valves should be placed at the high 
points in the line or ample drain pipe provided to care for the 
water which collects. When a valve is in a vertical pipe line 
there must be a drain pipe tapped in immediately above it. 

Separators. — Separators are made for the purpose of separat- 
ing water from steam, or oil from steam. In cases where prim- 
ing exists in the boilers or where the steam lines are long, water 
collects in the piping and may be very destructive if carried into 
the engine cylinder. Further, the presence of moisture in the 
steam results in loss of economy in the operation of the engine. 
To remove the water, steam separators of various designs may 
be used. Baffle plates or changes in direction may be employed 
in the design of a separator. When steam is to be condensed 
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and returned to the boilers, separators may be placed in the ex- 
haust pipe to remove the oil and water. The principle of opera- 
tion is the same as for steam separators. A steam separator 

should be placed as near the engine 
as possible. The water from the 
separator may be blown out or 
may be taken care of automati- 
cally by a steam trap. 

The construction of the Pittsburg 
separator is shown in Fig. 156. 
The steam enters at 1 and is 
turned downward so that it strikes 
the ribbed annular surface ^ where 
the oil and water is caught and 
runs off to the collecting chamber 
3. The steam leaves by the open- 

Fig. 156. Pittsburg Separator. 4- near the top. 

The construction of the Cochrane 
separator is shown in Fig. 157, where A is the exterior, B is 
cross section, and C a longitudinal section. The steam enters 
at 1 and impinges against a baffle plate 3 having vertical ribs, 
where the oil or water adheres. This oil or water is directed 



Fig. 157. Cochrane Separator. 




to the collecting well 3. The steam turns to the side of the 
baffle and leaves the separator at 4- The path of the steam is 
indicated at D, Fig. 157. 
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The Hoppes steam separator is shown in Fig. 158. Steam enters 
at the top and plunges 
downward, the moisture in 
the steam impinges on the 
surface of the water in the 
bottom and is caught and 
retained. From here it is 
drawn off through the drain 
pipe shown. Any entrained 
moisture creeping along the 
sides of the separator is in- 
tercepted by the troughs, 
which are partly filled with 
water and surround both in- 
let and outlet. 

Drip Pockets. — To drain 
long horizontal pipes pro- 
perly drip pockets, Fig. 159, 
should be provided every 75 
to 100 feet. In general the 
drip pocket opening should 
be the full size of the pipe, 
as tlie water is likely to be 
carried over small openings. 

From the drip pocket a Hoppes Separator. 

drain connection is made with a steam trap. 

Steam Traps. — A steam trap is an appa- 
ratus made to dispose of the condensed steam 
from a piping system. The drip pipes from 
the system are run to the trap which dis- 
charges the water without allowing the steam 
to escape. When this discharge is against 
atmospheric pressure, as into a hot well or 
sewer, the trap is called a discharge or non- 
return trap. When the hot water is dis- 
charged back into the boiler the trap is called 
a direct return trap. Direct return traps 
must be located above the boiler. There are 
numerous forms of steam traps, only a few of 
Drip Pocket. which will be described. 
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The Walworth trap shown in Fig. 160, is operated by a floating 
bucket. The condensation flows in at 1 around the bucket 2 
until it overflows into the bucket and sinks it, uncovering the 

opening in the spindle at S, 
This allows the water to be 
driven out at 4- ’ 

The McDaniels trap 
shown in Fig. 161, is oper- 
ated by a float. The con- 
densation flows in at 1 
until it raises the spherical 
float 2 which opens the 
valve 3 and allows the 
water to be forced out at 4- 
When the water is drained 
the float falls and closes the valve 3. The screw S may be used 
to open the valve S. 

The Farnsworth trap shown at A, Fig. 162, operates by a tilt- 
ing tank. The tank is composed of a partition and two pipes 
making two unequal size chambers. The vertical pipe 1 receives 
condensation into the long chamber 2 until its weight overbalances 
the full short chamber 3 and opens the valve 4 Q'^d the condensa- 
tion is passed from the bottom of the long chamber through the 
diagonal pipe 6 into the top of the short chamber, and from the 
bottom of the short chamber out through the valve, which re- 
mains full opened so long 
as condensation is coming 
through the vertical pipe, 
and when the lines or ap- 
paratus are finally drained 
and the long end nearly 
emptied, the full, short 
chamber over-balances it 
and closes the valve 
against the double seal of 
water. 

Copper flexible hose is 



Fig. 161. McDaniels Trap, 
used to avoid packed trunnion joints as shown at B, 


This 


allows the trap to be arranged to operate as a non-return trap 
or as a return trap. 
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The Cranetilt trap is made for a variety of uses, the direct 
return trap being shown in Fig. 163. Condensation enters 
the trap through the inlet check valve 1 and passes through the 
divided trunnion tee into the tank 2. When the tank fills, the 
weight of water causes it to drop to the bottom of the yoke 3. 
This opens the steam valve 4 and closes the vent valve 5 allow- 
ing pressure to enter the steam valve and through the inner pipe 




into the space above the water, closing the inlet check valve. 
The pressure is now the same in the trap as in the boiler ^d as 
tlic trap is above the boiler, the water flows into the boiler by 
gravity. After sxofficient water has left the tank, the counter- 
weight 6 brings it back into the filling position, this action closing 
the steam valve and opening the vent valve which aUows the 
pressure in the tank to equal or fall below that m the retmn hnes. 
The directions given for setting and connecting up a rane i 


direct return trap are as follows: . i i r 

“Place the trap at least four feet above the water level of the 
boiler The trap does not necessarily have to be directly abov 
the boiler as shown in Fig. 164. In some cases there is not room 
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enough between the top of the boiler and ceiling of the boiler 
room, in which case the trap can be placed on the floor above, 
either over or adjoining the boiler house. There are three essen- 
tial points in connecting up a direct return trap. 1st, the pipe 
marked 'Discharge to Boiler’ in Fig. 164, should have a strong 
pitch away from the trap along the horizontal line A. 2d, this 
discharge pipe must not be connected into any pump or injector 



line feeding the boiler but connected independently of other feed 
lines. 3d, the pipe marked 'steam’ must be connected to the 
boiler at a point where the initial boiler pressure will be secured. 
Do not connect this line to any steam line connected to an engine, 
pump or injector. Where the pressure in the receiver is not suf- 
ficient to elevate the condensation to the trap a Cranetilt lifting 
trap should be located below the receiver and connected to it. 
The lifting trap will elevate the condensation through the pipe 
marked 'discharge to trap’ to the direct return trap. As the 
amount of water which the trap handles at each operation will 
vary only slightly, the attachment of a revolution counter, record- 
ing each operation, will give a close average.” 
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Drips from Steam Cylinders. — Steam cylinders should be 
provided with drain connections at both ends, and may have 



Fig. 164. Setting for Direct Return Trap. 

automatic relief valves or hand operated valves. If hand oper- 
ated the valves should always be opened before starting the engine 
or pump. For small engines and pumps pet cocks screwed* di- 
rectly into the cylinder are frequently used. In most cases, how- 
ever, it is preferable to pipe 
th(i drips to a drain. The 
of pipe should be sufhci- 
(uitly large to care for con- 
(l(uisation and not be easily 
stopped up. The arrange- 
lucnt of drips for steam and 
(\xhaust pipes from cylinders 
is trx^atod in (jonnection with 
the piping of engines. 

Drainage Fittings. — 

('ondensed steam should be 
drained by gravity whenever 
possible. When conditions Drainage Fittings, 

are such that this cannot be 

dorui, lifts as shown in Fig. 165 at A and B may be employed. 
The principle of operation is the same. The water of conden- 







Fig, 166. Automatic Pump and Rcc(‘iv(‘r. 


Automatic Pump and Receiver. — A coinl)ination of receiver 
and pump, Fig. 166 provides an effective ai*i*ang(^ni(mt for drain- 
ing radiators, steam jackets, steam coils and lu'ators. The water 
of condensation enters at the top of the receiver. A float in the 
receiver maintains a constant water level and r('gulat(\s tlu^ pnmp- 
When used for boiler feed, cold water may he axlinitted dirc*ctly 
to the receiver to make up for losses or in case of exc(\ssiv(dy high 
temperature. As with other apparatus the piping should be 
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arranged with a by-pass so that the receiver may be cut out 
when repairs are necessary. 

Blow-off Piping. — The size of the blow-off pipe from a boHer 
may be from one to 2^/2 inches in diameter. The wrought-pipe 



* Fig. 168. 

Fig. 167. Blow-off Piping. Asbestos Packed Cock. 


fittings and valves should be extra heavy as made for 250 pounds 
pressure. When the pipe passes through the combustion cham- 
lier it should be protected from the hot gases by magnesia, asbestos, 
or fire brick, or it may be enclosed in a larger pipe of either tile or 
cast iron. Further protection may be had by arranging the pip- 
ing as shown in Fig. 
167, which allows a 
continuous circulation 
to be maintained. 
The valve A is closed 
before the blow-off 
valve is opened. 
Ample provision 
should be made for 
the movement of the 
pipe due to expansion. 

The blow-off pipe 
should be arranged so 

Fig. 169. Arrangement of Blow-off Valves. that the discharge is 

visible-, otherwise fail- 
ure to close the valves may not be noticed until the boiler is dam- 
aged. Any leaks can be seen and attended to. It is well also to 
have the blow-offs from different boilers independent of each other. 
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In general, two valves should be used in each blow-off pipe, 
one a valve and the other a cock. The asbestos-packed cock, 
shown in Fig. 168, is very commonly used. The valve should be 
placed nearest to the boiler. The cock should be opened before 

the valve and closed after the valve. 
In this way it will be possible to keep 
it tight for a longer time, as it will 
not be under pressure when operated. 
Blow-off valves are often made up in 
pairs. Fig. 169. When cleaning the 
boiler the valve A is kept closed and 
the valve B opened and its bonnet 
removed, allowing the wash water 
and scale to fall upon the floor which 
is connected to a drain. The blow-off valve being closed the 
boiler cleaner is safe from any back blow from the pipe. 

Blow-off water and steam can sometimes be discharged into 
the open. When it must be cared for by a sewer it should first 
be allowed to cool in some form of sump or tank, Figs. 170, 171 
and 172, as the heat from the blow-off water will crack drain tile, 
allowing it to be crushed and so become closed. Aside from 
this, the escape of steam through street openings from the sewers 
is objectionable. Blow-off tanks are made of cast-iron, steel or 
wrought-iron plate, and brick or concrete. A blow-off tank 
should have a vapor pipe carried up through the roof to carry off 




Fig. 171. Steel Blow-off Tanks. 


the steam and vapor, a manhole for cleaning, and if there is a 
chance for the accumulation of pressure, a safety valve should be 
added. The outlet of the blow-off pipe should be above the water 
fine, as otherwise condensation in the pipe will create a vacuum 
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and draw water from the tank or sump back into the pipe, often 
with injurious results. It is well to have a partition between the 
‘inlet and outlet parts of a sump or tank, or other arrangements 
to form a trap and so prevent steam from entering the tile drain. 



A small cast-iron blow-off tank is shown in Fig. 170. Riveted 
steel-plate tanks may be of cylindrical form with bumped heads, 
Fig. 171. For a common blow-off from a number of boilers a 
concrete sump may be constructed, similar to Fig. 172. 



CHAPTER X 

EXHAUST PIPING AND CONDENSERS 

Exhaust Piping. — Exhaust piping to the atmosphere can be 
made of hght-weight pipe, with light fittings and valves. . For 
small sizes wrought pipe or tubing may be used, while sizes 24 to 
30 inches and larger may be made of riveted steel plates. Riveted 
pipe, when less than V 4 thick, should be galvanized to assist 
in keeping the joints tight; thicker plate can be calked. Large 
fittings may be made of steel plates riveted together, and with 



Fig. 173. Riveted Steel Plate Fittings. 


cast-iron flanges, Fig. 173. Where flat sui*fa(*('s oeenr they should 
be braced to withstand pressure from the out.sidc^, as there may 
be a vacuum due to condensation. 

Exhaust lines should be designed carefully as to drainage. They 
should pitch in the same direction as th(‘ flow. An (^xhaust-steain 
separator may be used to separate the oil and waten- from the 
steam, if it is to be used for heating and otlun- purposes. The 
drip from the oil separator or from a drip [xx-.kfd may be dis- 
charged through a loop, as shown in Figs. 174 and 175. The drop 
leg should be long enough so that a possible slight vacuum in the 
exhaust pipe will not raise the water from it. ddiis will require 
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from three to six feet. Fig. 175 shows a loop applied to a tee 
at the bottom of a vertical exhaust pipe. 



Fig. 174. Method of Draining 
Separator in Exhaust Pipe. 



Fig. 175. Method of Drain- 
ing Vertical Exhaust Pipe. 
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When exhaust steam is used for heating purposes, a single 
verti(?al pipe may be used for atmospheric exhaust and as a heat- 
ing riser for an overhead system. This arrangement is shown in 
Fig, 176, whore a heating main con- 
nection is made well up the pipe. 

A Hinaller heating connection is 
shown near the base of the riser. 

''Phc^ back-pressure valve is placed 
just above the upper heating main. 

A drip pipe is taken from the ex- 
haust head, and another froip just 
al )ov(^ the back-pressure valve. 

Exhaust from Small Engines, 

Pumps, etc. — The arrangement of 
Hinall (exhaust pipes is indicated in 
Figs. 177 and 178. The piping as 
shown (uitcu’s an exhaust main. The 
valv(^ iKiar the main serves to close 
t,h(‘ branch for repairs, or when 
working on the machine, and also to 
ihi) braiKjh from filling with 
cu)n(l(nisaU()n when not in use. The 
exhaust pipe should be drained from 
it.s lowest point, and should slope 
from the liighost point to the main. 

If changes in direction occur, it may be necessary to provide 


//eaf/r7gr Mcr/rt 


5/oy Anchor 



Fig. 176. Combination Ex- 
haust Pipe and Heating Riser. 
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more than one drip pipe. As in all steam lines, pockets where 
water may collect should be avoided. Either an angle stop 
valve or a gate valve should be used, as the passage of the 


Vcfft'e 



•exhaust steam should not be restricted. Care should be taken 
to provide for movement due to expansion, and also to allow for 
making up the pipe, lack of exact alignment, etc. 



Fig. 178. Connections to Exhaust Main. 


Exhaust Heads. — When steam is exhausted from an engine 
to the atmosphere, some form of exhaust head should be used 
to catch and return the oil and condensation. Such heads may 
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Fig. 179. Swartwout Exhaust Head. 


be made of galvanized iron or cast iron^ and should be so designed 
as not to cause back pressure. The Swartwout cast-iron exhaust 
head is shown in Fig. 179. The steam passes through a long 
helix, from which it emerges 
with a whirhng motion. The 
particles of water which have 
been thrown into the outer sur- 
face of the tube are flung for- 
ward. The extension of the 
tube forms an annular chamber 
in which the water collects, and 
from which it is removed 
through the drip. 

The Hoppes cast iron exhaust 
head is shown in Fig. 180. When 
the steam enters the head it ex- 
pands gradually into a large cham- 
ber several times the area of the pipe, while the particles of oil 
and water in the centre of the current are separated by imping- 
ing on the cone, and those on the outer edges strike against and 
adhere to the side of the separating chamber. A trough partly 
filled with water surrounds the outlet and prevents creeping. This 
trough is connected with the drain by the pipe shown. 

Vacuum Exhaust Pipes. — Vacuum exhaust pipes should be 
as short and direct as possible, but with ample provision for 

expansion. Various forms of ex- 
pansion joints for exhaust lines 
are used, three of which are 
shown in Figs. 181, 182 and 183. 
The first is of corrugated copper, 
the second is a steel plate or 
diaphragm, and the third is the 
Badger copper expansion joint. 
Because of the range in temper- 
ature, a considerable movement 
should be allowed for. The in- 
crease in volume of steam at low pressures, makes it desirable 
to have such pipes of as large a diameter as possible. If long 
pipes must be used, the diameter should be increased. The 
material of which the pipes are made may be cast iron, wrought 



Fig. 180. Hoppes Exhaust Head. 
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iron or steel, or riveted steel. It is of course essential that the 
pipe and its joints be tight, as a very small leak wiU seriously 
affect the vacuum. Gate valves should be used where valves 
are required in vacuum lines in order to keep the full opening of 



Fig. 181. Corrugated Copper 
Expansion Joint. 



Fig. 182. Steel Plate Expansion 
Joint. 


the pipe. Light-weight valves should be avoided if tightness 
is to be maintained. Automatic relief valves should be provided 
in the vacuum exhaust pipe from engines or turbines to con- 
densers. In case of an accident to the condenser, the pressure 
will build up in the exhaust pipe and open the relief valve, thus 
allowing the steam to exhaust to the atmosphere. 

Classes of Condensers. — Condensers are used to reduce the 
back pressure in steam cylinders and turbines l)y condensing the 
steam and producing a vacuum. The different classes of conden- 
sers are the surface condenser, jet condenser, and barometric or 

siphon condenser. These may 
be further subdivided, as the 
surface condensc'.r may be either 
vertical or liorizontal, and with 
the steam either inside or outside 
the tubes; tlie jet condenser is 
made in a variety of forms, and 
the barometric condenser may be 
either the nozzle or spray type. 

Surface Condensers. — Essentially a surface condenser, Fig. 
184 comprises a shell or casing containing tubes through which 
cooling water is circulated. The tubes range in size from Vs 
inch to one inch in diameter, and generally are made of brass or 


Fig. 183. Badger Copper Expan- 
sion Joint. 
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composition. An air pump is connected to the condensing cham- 
ber to remove the condensed steam and air. Often the condenser 
is mounted above the air and circulating pumps. The exhaust 
steam from the engine, upon entering the condenser, comes into 
contact with the external surface of the tubes which are kept 
cool by the water circulated through them. This condenses the 
steam which falls to the bottom of the casing, and is removed by 
the air pump and may be used over again in the boilers. The air 
pump should always be placed on a lower level than the condense.^' 
so that the condensation can flow to it by gravity. The shell o 



the condenser may be either circular or rectangular in cross sec- 
tion and may be set with the tubes either vertical or horizontal. 

Piping for Surface Condenser. — Arrangements of piping for 
surface condensers are shown in Figs. 185, 186 and 187. The 
condenser should be placed near the engine or turbine in order to 
make short piping and so avoid joints with possible leaks tending 
to destroy the vacuum. As shown in Fig. 185, the condenser is 
mounted above the air and circulating pumps, which are placed 
in the basement below the engine. The valve in the pipe to the 
condenser is for the purpose of cutting out the condenser when 
exhausting to the atmosphere. The atmospheric relief valve is 
placed in the atmospheric exhaust pipe and automatically opens 
should the condenser lose its vacuum due to failure of either of 
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the pumps. The branch containing the relief valve may be one 
size smaller than the main exhaust pipe. 

A steam turbine is sometimes mounted directly on the con- 
denser with the air and circulating pumps separate. Any form of 
pump may be used for circulating the cold water. The arrange- 
ment of a steam turbine in connection with a surface condenser 
and dry vacuum pump is shown in Fig. 186. The higher the 
vacuum is j the larger will be the volume of steam and air to be 
handled, and larger pipes should be provided.. In order to main- 



tain a high vacuum without an excessively large condensing sur- 
face and air pump, it is usual to provide a separate pump for 
removing the air, called a dry vacuum pump, which is piped from 
the air space of the condenser. Such pumps generally run at a 
high speed, and have small clearance spaces, and so should not 
be expected to handle water without disastrous results. To this 
end the piping from the condenser should slope toward the pump 
and should not rise at any point or have any ]:)la(*.es for (!ondensa- 
tion to collect. By this arrangement, such condensation as oc- 
curs will pass to the pump in a vaporous condition and be safely 
handled. Where several condensers or pumps are used in con- 
nection with a vacuum main, the pipes from the condenser should 
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enter at the top of the main, and those to the pumps should be 
taken from the bottom of the main. The air discharge from the 



Fig. 186. Steam Turbine and Surface Condenser. 


vacuum pump may be discharged through a pipe to the atmos- 
phere, or into the atmospheric exhaust pipe of the engine. 



Fig. 187. Steam Pump and Surface Condenser. 
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A compound pumping engine may be piped with a surface 
condenser as shown in Fig. 187. The water supply to the pump 
is taken through the condenser. Sometimes a surface condenser 
is placed in the discharge pipe. In either case a separate air 
pump is necessary to remove the condensate. 

Jet Condensers. — The form of jet condenser illustrated in 
Fig. 188 is made by the Blake and Knowles Pump Works. As 



shown, it consists of a condensing cone in which the exhaust 
steam and cooling water mingle, and a pump for removing the 
resulting air and water. The exhaust steam enters at the top 
and meets the injection water which enters through a cone or 
spray head. The cooling water enters due to the partial vacuum 
produced by the pump. The vacuum breaking device is auto- 
matic in its operation. Its purpose is to prevent the water ris- 



EXHAUST PIPING AND CONDENSERS 


181 


ing above the proper level in the condenser. In case the pump 
should stop for any reason, the water will continue to rise until 



it lifts the float. This float will then open a relief valve which 
admits air, and so destroys the vacuum. In this way the water 
is prevented from rising in the exhaust pipe, and possibly wreck- 
ing the engine. When the pump is again started, the float falls 
to its normal position, and the condenser is put into operation. 



Fig. 190. Steam Engine and Jet Condenser — Elevation. 

Jet Condenser Piping. — Arrangements of piping for jet con- 
densers are shown in Figs. 189, 190, 191 and 192. A steam engine 








EXHAUST PIPING AND CONDENSERS 


183 


and jet condenser are shown in Fig. 189. An automatic relief 
valve is provided in the atmospheric exhaust pipe, and a gate 
valve in the pipe to the condenser. The exhaust from the pump 
may be arranged to connect into the condenser, to a feed water 
heater, or to an atmospheric exhaust pipe. Several arrangements 
of Blake condensing apparatus are given in Figs. 190, 191 and 192. 
A steam engine piped to a jet condenser and double acting vacuum 



Fig, 193. Fig. 194. Steam Engine and Barometric 

Barometric Condenser. Condenser. 


pump is indicated in Fig. 190, a steam turbine, jet condenser, 
and single acting twin beam air pump in Fig. 191, and a steam 
turbine arranged with a jet condenser, air pump, and rotative 
dry vacuum pump in Fig. 192. 

Barometric Condenser. — One form of barometric condenser is 
shown in Fig. 193. The exhaust steam enters through a conical 
nozzle, and passes down into a combining tube. The cooling 
water enters at the side and around the steam nozzle, then passes 
downward in a thin film or sheet. The steam meeting this water 
is condensed and is carried down the discharge or tail pipe with 
the water, thus creating a vacuum in the pipe above. The taper- 
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ing form of the condenser is such that the water acquires a high 
velocity in passing the contraction and is enabled to carry the 
entrained air and vapors along with the condensed steam. This 
apparatus requires no pumps if the water supply pipe has less 
than 20 feet lift. If over 20 feet, a pump must be used to supply 
the cooling water. It is necessary, however, to have the con- 
denser at a height of about 34 feet above the hot. weU in which 



Fig. 195. Steam Turbine and Barometric Condenser. 

the lower end of the discharge pipe is immersed. As the atmos- 
phere will not support a column of water at such a height, the 
cooling water supplied will fall through the condenser and dis- 
charge pipe. 

Piping for Barometric Condenser, — When the source of cool- 
ing water is a tank, or is otherwise located not more than 20 feet 
below the condenser, the water may be siphoned by the condenser. 
If the water must be raised it may be pumped direct to the con- 
denser, or to a supply tank. Both methods are indicated in Fig. 
194, which shows the arrangement of piping, with the parts 
lettered as follows: A is the condenser; B is the exhaust pipe 
from the engine; C is the hot well; D is the injection water valve; 
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E is the starting valve; F is the water supply pipe; and G is the 
atmospheric rehef valve. Either an open or closed relief valve 
may be used, according as to whether the exhaust pipe is outside 
or inside of a building. An arrangement of twin spirojector con- 



Fig. 196. Eductor Condenser. 


densers is shown in Fig. 195, as recommended for units larger 
than 500 K.W. by the Blake-Knowles Pump Works. It is ad- 
visable as being more economical and flexible. When running 
under light loads, or with, low temperature cooling water, one 
condenser may be cut out. 

Multi- jet Educator Condenser. — This form of condenser is 
made by Schutte & Koerting Co., and is shown in Fig. 196. With 
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this condenser no air pump is required. The cooling water enters 
through a number of converging jets which meet and form a 
single jet in the lower part of the condensing tube. Exhaust 
steam enters through the side connection and flows through the 



annular passage's which guide it so that it impinges on the con- 
densing j('f . d'his steam is conden.sod and the particles of water 
into which it is changed arc united with the water jet with which 
it is diseluirged, together with the entrained air against atmos- 
pluu-ie prcissure. 

Th(i nuithod of piping is shown in Figs. 197 and 198, the first of 
these l)(ung tlui preferred one. Here a standpipe is used. By 
punii>ing the water up into the standpipe it is possible to get 
rid of the air contained in the water. If water is available with 
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a head of 21 feet, or 9 pounds per square inch at the inlet flanges 
of the condenser, no pump is necessary. Instead of a standpipe 
the water may be dehvered direct to the condenser by a pump, 
as shown in Fig. 198, A water check valve in the exhaust pipe 



prevents water from flowing back from the condenser to the 
engine, but allows the exhaust steam to pass to the condenser. 
A steam turbine in connection with a multi-jet condenser is 
illustrated in Fig. 198. In this case the water is supplied by a 
centrifugal pump. 


CHAPTER XI 

PEED WATER HEATERS 

’ ' i! . Heaters. Exhaust steam from an engine 

’ 4i r heat water for boiler feeding 

Mf- t<‘xtile nulls and other manufacturing pur- 

may mingle with the water which it heats as 
^ ‘ l*n naiit nr h) mpirated from it as in a closed heater. 

M l•|tlj4ny iron, brass, or copper tubes to separate 
' " 1^1 y hnafeci from the exhaust steam. Various arrange- 

' roikl, bent, straight, etc., are used in the dif- 

ferent makes. The steana may 
pass through the tubes as in the 
steam tube heater, or surround the 
tubes, as in the water tube heater. 
Th(i advantage of the closed type 
is that the steam does not come 
into contact with the feed water 
and so keeps oil from entering the 
boikr. However, if a scale form- 
ing wat(‘r is used the open type is 
to b(‘ })r(iferre(l as the scale can be 
foriiKHl in tli(i heater and removed 
from time to time. The closed 
heat(T is under [)ressurc and tight 
joints must be maintained as well 
as i)rovision for expansion. All 
the (‘xliaust .sU^am may be passed 
through th(‘ lu'.ater or only a part, 
if all is not nHpiired to heat the 
water. Soint‘tim(‘s the exhaust 
steam is not sutiicieiit, and pro- 
vision must be mtule to supply 
livi^ st,eam. In the open heater the 
;V, luili the \v;it(*r which it heats and an oil separator 
«« , .1 rii her separate or as a part of the heater. 
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Closed Feed Water Heaters. — The Goubert closed feed water 
heater is shown in Fig, 199, where the various connections are 
indicated. Most of the oil in the steam is removed and passes off 
with the water of condensation through the drip pipe. The cold 
feed water enters at the bottom and meets the deflector, which 
spreads it out, allowing the mud or sediment to settle before the 




water passes upward through the tubes. The surface blow at 
the top permits the removal of scum. 

The Otis heater is shown in Fig. 200. As shown by the open- 
ings, the exhaust steam enters at the top, passes down one sec- 
tion of tubes to an oil and water separator, and then up the other 
section of tubes to the outlet from which it is exhausted or used 
for other purposes. The cold water enters near the bottom and 
passes out near the top when heated. 

The National heater shown in Fig. 201 consists of coils through 
which the water to be heated passes. The exhaust steam enters 
at the bottom of the shell and leaves at the top. In some forms 
both exhaust and live steam coils are used to maintain the re- 
quired temperature. 
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Closed Heater Piping. — The arrangement of piping for a 
closed feed water heater may be such as to allow all of the exhaust 
to pass through the heater, or only a part of it. This wUl depend 
upon the source of supply. If the main exhaust is used, and is 



more than sufficient to heat the feed water, a branch may be 
used to supply the heater and the extra steam used for heating 
or other purposes. When the main exhaust is condensed and 
only the exhaust from the pumps and other auxiliaries is passed 
into the heater, the entire amount of steam can be passed through 
the heater. A method of piping for a closed heater is shown in 
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Fig. 202. The by-pass is arranged so that the heater may be 
cut out when necessary, or to regulate the amount of steam pass- 
ing through the heater. The oil separator may be placed near the 
heater as shown, or if the steam is from the main exhaust it may 


Elxhausf Ou/Jet 



Fig. 205. The Cochrane Open Heater. 


be near the engine. As shown, the trap is arranged with a by- 
pass for use if necessary. 

The arrangements shown in Figs. 203 and 204 arc from the 
National Pipe Bending Company's book of plans. In Fig, 203 
the piping is given for using a live steam heater in connection 
with an exhaust heater where more or hotter water is wanted. 
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The piping in Fig. 204 is for a closed heater in connection with 
a live steam re-heater and wooden storage tank. 

Open Feed Water Heaters. — As stated before, the water is 
heated in an open heater by direct contact with the exhaust 
steam. Such heaters are usually designed to combine the func- 
tions of heater, purifier, 
receiver, and filter. The 
water enters at the top of 
a chamber and drips down 
over trays while being 
heated by the steam. The 
water then passes through 
filtering material contained 
in the lower part of the 
chamber to the pump suc- 
tion. The cold water sup- 
ply is regulated by a valve 
with a float control. One 
of the advantages of an 
open heater is that its effi- 
ciency as a heater is not 
affected by conditions as to 
cleanliness of surfaces. The 
details of several forms are 
shown in the following 
figures. 

The Cochrane heater is 
shown in Fig. 205. The 
steam enters through an 
oil separator forming a 
part of the heater, while the water enters at the top and over- 
flows from a trough over and through a series of perforated 
trays, inclined first one way and then the other, each tray catch- 
ing the drips from the one above. From the last tray the water 
falls into a settling chamber. This has a perforated false bottom 
for carrying a filter bed. The boiler feed pump receives its sup- 
ply from the space underneath the filter bed. The body of the 
heater is made of cast iron and the fittings of copper and brass. 

A partial section of the Cochrane steam-stack and cut-out 
heater is shown in Fig. 206. The steam enters through an oil 


SURPLUS exhaust 

I PURineo or oil 


exhaust inlet 


ORlPFPOM SEPARATOR 

TO steam trap 



Fig. 206. Cochrane Steam-stack and 
Cut-out Valve. 
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separator, near the top of which is a flanged outlet for passing 
through the surplus exhaust steam to the heating system or atmos- 
phere. The opening to the heater is controlled by a special 
valve. When this valve is open it occupies such a position that 
the heater has the “preference” for the steam. That is, in its 
open position the valve diverts a portion of the steam from the 



Fig. 207. Webster Feed Water 
Heater. 


Fig. 208. Webster Feed Water 
Heater. 


top opening and directs it into the heater, at the same time allow- 
ing surplus steam to escape through the upper opening. The 
valve may be closed and so cut out the heater without the neces- 
sity for extra valves and fittings for a by-pass. A vent pipe 
provides a means for the escape of air and gases. 

The Webster feed water heater and purifier is shown in Figs. 
207 and 208. Water is admitted through an automatically con- 
trolled valve and is discharged into a trough which forms a water 
seal. From this trough the water overflows to oppositely in- 
clined and perforated copper trays. In this manner it mingles 
with the steam and becomes thoroughly heated. It then flows 
downward through a filter bed and to the pump suction chamber. 
Fig. 207 is the Standard type built on the induction principle, 
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ith the oil separator attached to the heater shell. Fig. 208 is 
,e preference type which is a cut-out heater using a gate valve 
connection with an oil separator of sufl&cient size to purify all 
earn passing through the exhaust main to both the feed water 
sater and to a heating or drying system, or to low pressure tur- 
nes. 

A typical installation of a Webster feed water heater for power 
rvice is shown in Fig. 209 and for a gravity return heating 
stem in Fig. 210. 

The Hoppes feed water heater and purifier is shown in Fig. 211. 
he steam enters through an oil separator, passes through the 



cater and escapes by the outlet near the front end. Water is 
dinitted through a balanced regulating valve and evenly dis- 
•ibiited to the top pans by inside feed pipes. The water overflows 
le edges of the pans and follows the under side to the lowest 
oint and drops into the next pan below until it reaches the 
ottom of the chaml)er and passes to the main pump suction 
[irough a hooded opening. The troughs of the pans provide 
cttling chambers and so eliminate the necessity for a filter, 
olids precipitated from solution are deposited and retained on 
he under side of the pans. 

The Hoppes induction chamber shown in Fig. 212 takes the 
ilace of by-pass piping, and is described as follows: 
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Fig. 210. Piping of Heater for Gravity Return Steam Heating System. 
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^'This device may be used for any size of exhaust pipe in con- 
necting Hoppes heaters of any type to the exhaust line, effecting 

a saving proportional to the 

size of the exhaust pipe by 

doing away with large and | 
expensive valves and fittings. j 

^^The steam enters the ^ 

chamber at the bottom, and FT^^^==J=M ! - — 

flowing upward, part of the | g \ CI J 
current enters into the mouth I ^ 
of a downwardly curved pipe, | I r 

supplying the heater with an | < t ® 

ample amount of exhaust J\ ^ 

steam to heat the water to 
210 degrees, even though j ^ 

the heater is worked con- ^5=^=3 ( 

siderably beyond its rated 

capacity. The remainder of 212 . Hoppes Inducti^^amber. 
the steam passes out at the 

top, either to atmosphere or heating system as the case may be.’’ 

A good way of connecting a Hoppes heater to an exhaust steam 
heating system is shown in Fig. 213. The piping is arranged so 



Fig. 213. Piping Arrangement for Hoppes Heater and Exhaust, Heating 

System. 
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that the heater has preference, the surplus steam passing out at 
the side of the tee 1 to the heating system. A live steam connec- 
tion is provided at 2 through reducing valve S, The reducing 
valve should be provided with a by-pass 4 so that it can be cut 
out if necessary. 

Open Heater Piping. — The arrangement of piping for open 
heaters involves much the same considerations as for closed 



heaters. The heater should be placed two or three feet higher 
than the pump so that the hot water will flow into the pump suc- 
tion by gravity. A by-pass should be arranged so that the heater 
may be cut out for cleaning or inspection, or when all the steam 
is needed for heating. A piping arrangement is shown in Fig. 
214 for heater used with an exhaust heating system. 

The cold water supply is controlled by a float inside of the 
heater. As noted, the returns from drips, etc., or from the heating 
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system are connected directly to the heater. Should the valves 
A and B both be closed at the same time, the starting of the 
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heaters have the by-pass made as part of the main casting, thus 
effecting a considerable saving in valves and piping, as indicated 
in Kgs. 215 and 216, where Fig. 215 shows a piping by-pass and 
Kg. 216 a by-pass contained in the cut-out valve. 

All of the steam may pass through the heater to the atmos- 
phere, as in Kg. 217. Part of the steam may pass through the 



Figs. 219 and 220. Preference Connections for Heaters Used with 
Exhaust Heating Systems. 


heater and part to the atmosphere, as in Fig. 218, where only 
sufficient steam is admitted to the heater to heat the water. 
Other forms of “preference connections” may be used, as shown 
m Kgs. 219 and 220, where the tendency of the steam is to enter 
the heater, the excess passing on. A preference tee or a plain toe 
arranged as shown may be used for this purpose. 






CHAPTER XII 
PIPING FOR HEATING SYSTEMS 

Piping for Heating Systems. — The purpose of this chapter is 
to illustrate the general arrangement of piping and connections 
as used for heating systems. No attempt is made at complete- 
ness, but it is hoped that sufficient material is included to be of 
value to those who wish to learn something about the different 
systems of piping. 



Steam Heating Piping Systems. — For supplying steam to 
radiating surfaces and removing the condensed steam, there are 
two general arrangements of piping one-pipe ’’ systems and 
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“twcvpipe” systems. A one-pipe wet system is shown in 
221 As the same pipes are used to supply steam and o 
JS’condenition from the radiators, they must be large. The 
is sloped away from the better. A return mam 
mder tL supply main and is pitched toward the boi or 
entering it below the water line. The risers are taken from the 
top of the steam main to supply the radiators, and these sam , 



risers are used by the condensation which drains into the red urn 
pipe. A single radiator on the first floor may be used with out 
connecting to the return pipe. A one-pipe circuit sys<(nu in 
shown in Fig. 222. In this system the main steam pip{^ inak(‘S n 
complete circuit of the basement, at the same time^ pihdiini^ 
away from the boiler, and on returning enters it below t b(‘ vva,t(*r 
line. The radiators are supplied with steam and are draiiKMi by 
the same riser which is made large enough for this piir[ios(‘. llic 
condensation, after reaching the circuit pipe, is forc(‘(i along in 
the same direction as the steam and completing the (*ircuit. is 
returned to the boiler. The steam main should be of onc^ size 
and large enough so that there will be plenty of room for both 
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the steam and water of condensation. With tall buildings, the 
use of the same pipe for supply and drain is objectionable, due 
to the interference. In such cases the one-pipe system shown 
in Fig. 223, may be used. The supply main in this case is run 


to the top of the building, 
and then the radiator 
branches are taken off from 
drop pipes. In this way the 
steam and condensation both 
flow downward except in the 
short connections between 
the drop and the radiator. 
The drop pipe connects into 
a drain pipe which returns 
the condensation to the 
boiler. A few radiators may 
be connected into the main 
riser. 

The arrangement of a two- 
pipe system is shown in Fig. 
224. As shown, steam is 
supplied at one end of the 
radiator and drained from 



Fig. 223. One-pipe Down Flow System. 


the other, the steam and drain pipes being entirely separate. 
The radiators are supplied by risers from a steam main located 
near the basement ceiling. The drain pipes drop to a return 
main located near the floor of the basement or below the water 


line in the boiler. 


Steam Radiator Pipe Connections. — Several methods of mak- 
ing radiator connections are shown in Fig. 225. There should 
always be provision for expansion and contraction. The connec- 
tion at A is for a radiator and main, unconcealed, while B shows 
a similar connection but using a 45 degree branch because of 
limited room above the main. At C and D are shown methods of 


connection between radiators and risers, one-pipe system. At 
E and F are shown methods of connection for the two-pipe 
system. 

The sizes of pipe for which radiators are tapped as used by the 
American Radiator Company are given in Table 78, which is for 
one and two-pipe direct steam radiators. If the connection be- 
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tween the radiator and the riser is short these same sizes may- 
be used. 



TABLE 78 

Pipe Sizes for Steam Radiators 


Square Feet 

Onc-i)ipe 

Two-pipe System 

of Radiation 

SyHteiu 

Supply 

Return 

Up to 24 

1 



24 to 60 

I'A 



GO to 100 

i‘A 



Above 100 

2 



Up to 48 


1 

v'. 

48 to 06 


UA 

1 

Above 96 


UA 

I'A 


Sizes of Steam Heating Pipes. — Steam pipes for heating 
should always be of ample size and carefully drained. The steam 
main should never be less than V-ji inches in diameter, and should 
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be larger if more than 30 feet in length. Risers should be at 
least one inch in diameter. All branches should be taken from 
the top of the main or at an angle, but never from the side so as 
to avoid getting water with the steam. To insure good drainage 



the steam main should have a slope of at least one inch in ten 
feet and branches should have twice this slope. 

The sizes of steam mains and risers may be obtained from Fig. 
226, where average values are plotted, the sizes being propor- 
tioned to the radiating surface. The sizes of returns for the 
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two-pip6 system are not given as they should be determined 
from the conditions in connection with each installation. For 
small supply pipes they may be one size smaller. For large 
supply pipes the returns may be very much smaller, but dry 
returns should be larger than wet returns. A dry return is one 



in which the return pipe is above the water level, and a wet 
return is one which is below the water level of the boiler, and con- 
sequently is always full of water. The dry return pipe exposes 
the surface of the water flowing along the bottom of the pipe, 
and is likely to cause water hammer and noises due to the rapid 
condensation of the steam. 

Hot Water Heating Systems. — There are two systems of 
hot-water heating, the open tank system shown in Fig. 227, and 
the closed tank system. The arrangement of piping is the same 
for both systems, but the piping may be somewhat smaller for 
the closed system, and a safety valve must be provided. This 
safety valve is usually set for ten pounds pressure. The system 
illustrated in Fig. 227 shows the supply mains rising from the 
heater and the return mains sloping toward the heater and enter- 
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ing it at as low a point as possible. The risers to the radiators 
are taken from the top of the supply mains. The Tna.inR and 
risers may be reduced as 'the radiator branches are taken off. 

For large buddings a single supply pipe may be carried to the 
expansion tank, and from there the branch down-feed pipes run 



to the radiators. This system is shown in Fig. 228. Circulation 
is caused by the fact that water expands when it is heated, there- 
fore it becomes lighter than cold water and rises through the 
system, allowing the cold water to flow downward to the heater. 
This method of operation is known as a gravity system. For 
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large buildings it is necessary to use a pump to circulate the water 

and it is then called a 
forced circulation system. 

Expansion Tanks. — 
The purpose of the ex- 
pansion tank is to care 
for the changes in vol- 
ume of the water as it is 
heated. It should be 
placed above the highest 
radiator in the system, 
and should be provided 
with a vent pipe, and an 
overflow pipe connected 
to a drain. The ordinary 
form of tank made of 
galvanized iron is shown 
in Fig. 229, together with 
the necessary piping con- 
nections. 



Fig. 228. Down-feed Hot Water System. 


Hot Water Radiator Pipe Connections. — Several methods of 
making radiator connections for hot water are 
shown in Fig. 230. The connection for hori- 
zontal mains is shown at D, and for vertical 
pipes or risers at A and C. The supply pipe 
may be connected at the top of the radiator, 
as shown at H, which makes the valve handy. 

Two methods of connection for overhead sup- 
ply systems are shown at B and F. In the 
method shown at F the water passes through 
each radiator separately, entering all of them 
at practically the same temperature, while in 
the method shown at E it passes through each 
of the radiators in succession, necessitating 
larger radiators on the lower floors. The sizes 
of pipe for which hot water radiators arc 
tapped as used by the American Radiator 
Company are as follows. The same sizes are 
used for both supply and return pipes. The size of pipe reders 
to the nominal diameter of standard wrought pipe. 



Fig. 220. Expansion 
Tank Connect, ions 
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Radiators containing 40 square feet and under 1 inch 

Above 40, but not exceeding 72 square feet I 1/4 

Above 72 square feet I 1/2 


Vapor tappings, top and bottom opposite ends, supply inches, return 
^/2 inch. 

Unless otherwise ordered, all openings of Direct Radiators wiU have right- 
hand threads (except that of Wall Radiators where tapped IV 2 inch, in which 
case tapping at one end is right-hand and left-hand on other end). 

AU air-valve tappings of Direct Radiators are regularly made Vs inch. 
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Hot Water Radiator Connections. 


Sizes of Hot Water Pipes. — The factors involved in deter- 
mination of sizes of hot water piping are: the amount of radiating 
surface; the location of the radiating surface, both elevation 
above and distance from the heater; and the difference in tem- 
perature. 

The sizes of hot water mains may be obtained from Fig. 231, 
where average values are plotted, the sizes being approximately 
proportional to the radiating surface. In a similar manner average 
values are plotted in Fig. 232, for sizes of pipes to supply 
various amounts of radiating surface on the different floors of 
a building. 

Exhaust Steam Heating. — Steam that has been used in a 
steam engine or other power apparatus may be exhausted to a 
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heating system. Any system of heating may be used in con- 
nection with exhaust steam by installing the proper apparatus. 



Factories and large buildings having a power plant often make 
use of exhaust steam in this way. The piping for such a system 
should be large to keep the back pressure in the exhaust pipe 
as low as possible. A live steam connection should be made to 



Fig. 232. Sizes of Hot Water Risers. 
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the heating pipe, using a reducing valve to lower the pressure, 
and a relief or back pressure valve should be placed in the exhaust 
pipe to prevent excessive back pressure. If the condensation is 
to be returned to the boiler, an oil separator should be placed in 
the exhaust pipe before the connection is 
made with the heating system. Steam 
traps, automatic pump and receiver, and 
other devices used in connection with ex- 
haust heating are described in other parts 
of this book, and may be located by refer- 
ence to the index. The piping for feed 
water heaters is shown in Chapter XI. 

The Webster Vacuum System of Steam 
Heating. — The Webster system is used 233. 

here to illustrate a method of heating with Sylphon Trap, 

a pressure lower than atmospheric. A vacuum system necessitates 
the removal of air from the system by means of a pump. This 
establishes a lower pressure in the returns, after which the pump 
removes the condensation and entrained air. The steam con- 
denses in the radiators and so induces a further supply of steam. 
This removal of air and condensation makes a positive circula- 
tion, and insures complete filling of the radiators with steam. 

If exhaust steam is used there will be 
very little back pressure upon the 
engines. 

One of the essential features of the 
Webster system is the outlet valve 
used on radiators and coils. The 
form shown in Fig. 233 is the Webster 
; sylphon trap. It is operated by a syl- 
' phon bellows. The sum of the small 
movement of each of the folds gives 
the necessary lift to the valve. This 

234. elose quickly and positively 

Webster Modulation Valve, 

at a slightly lower temperature the water and air will be with- 
drawn or discharged. Since the valve is wide open when cold, 
the radiator is sure to be drained. 

The circulation of steam may be controlled and modulation 
of temperature secured by throttling the inlet valve on any radia- 
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tor. The Webster modulation valve shown in Fig. 234 is made 
so that less than a full turn is required from shut to full opening, 
the area of the opening increases in proportionate progression, 
and a pointer and dial are used to indicate the degree of opening. 

Radiator Pipe Connections. — The size of radiator tappings 
as given by Warren Webster Company are shown in Table 79. 

TABLE 79 


Cast Iron Radiator Tappings 


Square Feet of 
Direct Radiating 
Surface Conden- 
sing Normally not 
to exceed V4 
Pound per Square 
Foot per Hour 

Normal Maxi- 
mum Pounds of 
Condensation 
per Hour 

Pipe Size of Sup- 
ply Tapping, 
Customary Prac- 
tice followed by 
Engineers when 
Ordinary Radia- 
tor Valves are 
Used 

Supply Tapping 
when the Webster 
Modulation Valve 
is Used 

Pipe Size of 
Return Tapping 

1-25 

7 

‘A 

V 4 

'A 

26-50 

13 

V 4 

V4 

V 2 

51-100 

25 

1 

V4 


101-175 

44 

1 V 4 

V 4 -I 

'A 

176 and over 

75 

I'A 

1 

V4 


Note. V 4 " Webster Modulation Valve is used for radiators up to 150 
square feet; 1" above 150 square feet, with interchangeable “Modulation” 
sleeves to secure throttling control. 


Pipe Coil Tappings 


Square Feet of Direct 
Radiating Surface Con- 
densing Normally not 
to exceed V4 Pound 
per Square Foot per Hour 

Normal Maximum 
Pounds of Conden- 
sation per Hour 

Pipe vSize of .Supply 
Tapping 

Pipe .Size of Return 
Tapping 

42 

13 

V 4 

‘A 

84 

25 

1 

*A 

146 

44 

I'A 

‘A 

250 

75 

I'A 

V 4 

52S 

158 

2 

V 4 

924 

277 

2V. 

1 


The figures refer to vacuum systems only. If the condensation is 
greater than that given for the radiating surface the pipes should 
be based upon the condensation rate. The run-outs from supply 
risers to radiators should be one size larger if more than four feet 
long. 
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Typical Arrangement Webster Systems. — A typical arrange- 
ment of the Webster vacuum system is shown in Figs. 235 and 
236, taken from the Warren Webster Company’s catalog and 
described by them as follows (the numbered parts are aU of 
Webster manufacture) : 

“The engine A is protected by a steam separator ^ dripped 
through a high pressure trap 3, The exhaust steam from the 
engine passes through an oil separator 8, dripped through grease 



trap 38j thence to the heating system. A pressure reducing 
valve B with by-pass is provided to make up any deficiency in 
the volume of exhaust steam or for heating when the main engine 
is shut down. 

“The supply main is dripped as it enters the building through 
a heavy-duty thermostatic trap protected by a dirt strainer 
19. The steam supply risers in larger buildings may require to 
be dripped through traps of the proper size and type. 

“Steam is supplied to the various types of heating units through 
Webster modulation valves 31, although the system will work 
in harmony with automatic temperature control. We have shown 
ordinary radiator supply valves on some of the units. A par- 
ticular type of Webster modulation valve, with chain attach- 
ment, is shown for the overhead radiator C. 

“Each heating unit is drained through a Webster sylphon 
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trap 20 into the return risers, the larger heating coils being pro- 
tected by dirt strainers 19. 

Steam is also supplied to tempering and re-heating coils, 



Fig. 236. Webster Vacuum System. 


D-E which are also drained at the return ends of each group 
through traps 20, protected by dirt strainers 19. 

“All the returns join and lead to a vacuum pump, F protected 
by a suction strainer 10, the steam supply to the pump being au- 
tomatically controlled by the vacuum pump governor 9. Gauges 
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on slate board 11-12 are shown with connections taken from the 
heating main and the vacuum return line. 

^^The vacuum pump discharges through an air separating tank 
to a feed water heater 6, The illustration shows the prefer- 
ence type heater, the oil separator 8 being so constructed that a 
sujfficient quantity of exhaust steam is directed toward the heater, 
the balance is available for the heating system, while any excess 



escapes through the atmospheric back pressure valve G. The 
heater may thus be cut out of service while the oil separator 
remains in use. 

^^The ventilation scheme provides for such rooms connected 
thereto, a supply of purified, humidified and heated fresh air. 
The air is partially heated in passing over the tempering heater 
D, and is drawn by the fan through the air washer 26 and re- 
heated to the proper temperature, passing over the re-heater E 
into the main air supply duct. The supply of steam to the tem- 
pering heater and re-heater coils is automatically governed by 
temperature control system valve H” 
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Atmospheric System of Steam Heating. — The “Atmospheric 
System” is a low pressure system developed by the American 
District Steam Company. It is a two-pipe gravity return system, 
operating with pressures of from' five to eight ounces, and with 
very rapid circulation. Each radiator is a separate unit, and can- 
be manipulated as desired without affecting the others. The 
regulating valves are made in V 4 inch size, and the radiator 
should be bushed to ^/4 inch for both connections, with the inlet 
at the top of one end and the outlet at the bottom of the other 
end. The various principles involved, and the general arrange- 
ment of piping is shown in Fig. 237. The main steam line in the 



basement is laid out in a complete circuit to make certain of 
perfect circulation and equalization of pressure at all points in 
the system. The return pipes are under no pressure, and are used 
to provide gravity return of the water of condensation and as an 
outlet for the air in the system. Extra heating surface is used in 
each radiator and the return piping is vented to the atmosphere 
to allow air to freely enter or leave the system. This vent pipe 
may be IV 4 inch on small installations, but a number of pipes 
may be required on large systems. Only one valve is used on the 
radiators, the inlet valve. This inlet valve is so arranged that 
the radiator may be one-quai-ter, one-half, or any desired part 
filled with steam, as shown in Fig. 238. The steam admitted dis- 
places the air, and being lighter, remains at the top of the radia- 
tor. Sizes of pipe to install for various amounts of radiation, as 
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recommended by the American District Steam Company are 
given in Table 80. 

TABLE 80 

Pipe Sizes for Various Amounts of Radiation 


Square Feet 
of Radiation 

Pipe 

Supply 

Return 

Pipe 

Square Feet 
of Radiation 


Pipe 

Supply 

Return 

Pipe 

30 feet . 

V 4 inch 

V 4 inch 

1400 feet 

3 V 2 inches 

1^/2 inches 

50 1 

1 

V4 “ 

2200 “ 

4 

a 

2 

O 

o 

IV 4 inches 

V4 “ 

3600 “ 

5 

(1 

2 “ 

200 

IV 2 

1 “ 

6000 “ 

6 

li 

2 V 2 “ 

300 

2 

I'A inches 

8500 “ 

7 

a 

2 V 2 “ 

600 “ 
900 “ 

2 V 2 

3 

IVi “ 

l‘A “ 

11000 “ 

8 

li 

2 V 2 “ 


Central Station Heating. — There are many points in connec- 
tion with district steam heating which are of value in relation 
to piping in general. Aside from this, however, the increase in 
the use of this method of heating, and its importance as a means 
of effecting economy are sufficient reasons for the inclusion of 
the following articles which describe the systems of the American 
District Steam Company as representing modern practice in this 
kind of piping. The information and drawings were very kindly 
supplied by the above company through Mr. H. E. Long, Chief 
Draftsman. 

Central station heating consists of a central generating plant, 
from which steam is distributed through underground mains, care- 
fully insulated and protected, to the radiation in homes and public 
or private buildings. Birdsall Holly invented the first system 
of this kind, and through him it was introduced in the city of 
Lockport, N. Y., in 1877. The source of supply of steam may 
be heating boilers, or the exhaust steam from electric or power 
plants may be utilized. Where exhaust steam is used it is neces- 
sary to have a live steam connection with a reducing valve to 
supply additional steam, should the exhaust be insufficient. The 
reducing valve should be provided with a by-pass for emergency 
use. A back pressure valve in the atmospheric exhaust pipe is 
necessary in order to maintain the desired back pressure. An oil 
and water separator should be connected in the main exhaust 
pipe which leads to the underground system. An initial pressure 
of from five pounds up has been found sufficient to give proper 
circulation in the most extensive systems. A typical arrangement 
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of piping as described above is shown in Fig. 239. As indicat( 
any engine can exhaust into a condenser, to the atmosphere, 
to the heating system. 



Fig. 239. Station Piping Connection for Exhaust Heating. 


Underground Steam Mains. — The underground system of pi 
ing is a particularly important part of district heating. Sonu^ 
the essential features of underground heating systems as installs 
by the American District Steam Company are: efficient iiisul 
tion, perfect provision for expansion and contraction, provisii 
for taking service connections from fixed points only, sjkhu 
attention to under-drainage, perfect grading and trapping of t l 
mains, use of highest grade materials, and compe^tent sufyervisic 
of the work of installation. The methods of insulat.iori foui 
most efficient and durable by the above company arc th(^ wch 



stave casing shown in Figs. 240 and 241, and the patcnf.(‘d iniilt 
cell construction shown in Figs. 242 and 243. 

The wood casing is built up of staves of selected white pin(\ fn 
from sap and thoroughly air and kiln dried. Thv stav(‘s h:iv(i 
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tongue and groove their length, which is locked by spirally wound 
banding wire. A four-inch .......... 

mortise and tenon is cut on 
the ends, the mortise being 
one-half inch greater than the 
tenon to allow the ‘joints to 
be firmly driven together. 

The casing is then coated with ' 
asphaltum pitch and rolled in 
sawdust. A tin and asbestos ^ 

lining completes the casing. J 

The lengths of sections vary 
up to eight feet. The stand- 
ard thickness of the casing is , 
four inches. The tin lining ■ 
reflects the heat waves back 

to the p^e, and protects the construction in Casing, 

casing. The standard practice 

of the American District Steam Company is to use a four-inch 

shell, tin and asbestos lined casing on low pressure steam lines 

and on hot water lines, and 

two-inch thickness, unlined, for 

return lines. The casing is 

made from two to three inches 

larger, inside diameter, than 

the iron pipe which it covers, 

thus providing an annular air 

space which is made into 

^^dead air space’' by the use 

of cast iron collars which also 

I assist in anchoring the line. 

Cast iron guides and rollers 

placed about six feet apart are 

used to centre the pipe. 

Fig. 241 shows a cross 

section of the standard steam 
Fig. 242. Standard Steam Main Con- • x x* • i 

^ „ mam construction in wood 

struction — Multi-cell. . • • 

stave casing for mams six 

inches and larger. For mains five inches and smaller, one of 

the drains may be omitted. 




I 





Fig. 242. Standard Steam Main Con- 
struction — Multi-cell. 
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The multi-cell construction, shown in Figs. 242 and 243, is 
built in place in the trench. A concrete base upon which rest 
supports for the pipe, is built on a layer of crushed stone. Hollow 
tUe blocks on end rest upon this base, and form the side walls, 


the joints with the base and between tiles being made with 

cement. The tUes are then 



Fig. 243. Multi-cell Construction for 
Large Mains. 


filled with shavings, and the 
tops closed with cement. 
The space above the piping 
insulation is also filled with 
shavings. Tile blocks with 
closed ends laid across the 
top close the conduit. All 
joints are carefully cemented. 
The closed tiles form a multi- 
cell insulation of dead air. 
The crushed stone at the 
sides provides for effective 
drainage to the drain tile. 
It will be noted that the pip- 
ing is entirely separate from 
the conduit, which is thereby 
relieved from the effects of 


expansion of the piping. The cross section shown in Fig. 242 
is for mains from six inches to sixteen inches inclusive. For 
smaller size mains only one-drain tile is used. For mains eighteen 
inches and larger, the arch form of construction is used, in order 
to secure the strength necessary on account of the increased 
width of the conduit. Fig. 243. 

Underdrainage. — In addition to the insulation provided it is 
necessary to prevent any water from coming into contact with 
the steam pipe. The effect of water would be condensation of 
steam in the main, as well as ultimately affecting the durability 
of the insulation. This means that adequate underdrainage must 
be provided, regardless of the land of insulation used. 

The methods of under drainage, as installed by the American 
district Steam Company, are shown in Figs. 241, 242 and 243. 
When the trench is dug, a propeidy graded and drained field tile 
or uncemented sewer pipe is installed. This pipe is connected at 
as frequent intervals as necessary with the sewer, using check 
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valves. The drain tile and bottom of the trench are then covered 
with a heavy layer of broken stone, gravel or clean cinders. This 
forms a porous drain bed upon which the casing rests. The under- 



Fig. 244. Variator. 


drainage shown in the figures is typical for ordinary clay soil. It 
is frequently installed in a different manner, depending upon 
the amount of moisture which may be held in suspension, due to 
the varying soils encountered in the trench. In every case, com- 
petent supervision by experienced engineers should be obtained. 

Installation in Wood Casings. — After the piping is made up 
in place it is spirally wrapped with V32~inch asbestos paper. This 



paper is held in place by binding with pliable copper wire. The 
casings are then forced together and the joints cemented with 
hot pitch. A protection of three-ply tar paper is placed over the 
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line and reaching to a point below the centre of the casing. The 
trench is then ready for filling. 

E3qpaiision and Contraction. — The two methods of caring for 
expansion and contraction, shown in Figs. 244 and 245, are de- 
vices made by the American District Steam Company. The 
variator,^’ Fig. 244, has two corrugated copper diaphragms. 
It is made with a fixed casing and two movable sHps. The outer 



Fig. 248. Interior Piping and Meter Setting. Atmospheric System. 


edge of the diaphragm is held in the casing, which casing is securely 
anchored; the inner edge of the diaphragm is fastened to the end 
of the slip. The casing of the variator and of the anchorage fit- 
ting, Fig. 246, are provided with service openings, so that branches 
are taken from fixed points. These variators are placed about 100 
feet part, and have an anchorage fitting half way between them. 
Such an expansion device does not require packing or attention 
after being installed, and so avoids the expense due to the large 
number of manholes necessary to care for the slip joint expansion 
joints. When manholes can be used, the slip joint shown in Fig. 
245 may be used. As shown, it is provided with service open- 
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in ya The methods of installation, arrangement of manholes, 
anchorages, and other details are shown in Fig. 247 for the use 
of variators and multi-cell insulation. With expansion joints 
more manholes would be necessary. 

Interior Piping for Central Station Heat. If the building to 
be heated is piped for steam or hot water, necessary connections 



can be made for using th(‘ (existing piping. Any system of steam 
or hot water heating may l>e us(‘(l in a imw installation, but the 
atmospheric system pn^vioiisly is adviscnl as being 

most economical, Fig. 248. 4'h(‘ int<*rior piping for a one-pipe 

system is shown in Fig. 241). \Vh(‘n hot wat(‘r |)iping is already 
installed it may be coiit inu(‘<l by using a heater in which the 
water is heated by steam from the str(n*t. 
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The steam after being used is measured by a condensation 
meter, Fig. .250, which records the pounds of condensed steam. 
From the meter the condensation passes to the sewer. Unless 



Fig. 250. Condensation Meter. 


the district heated is very compact and close to the central sta- 
tion, it is generally better to allow the condensation to pass to 
the sewer than to attempt to return it to the plant. The cost of 
return lines and their up-keep generally makes such an investment 
unprofitable. 



CHAPTER XIII 
WATER AlfD HYDRAULIC PIPING 

Water Piping. — The purpose of this chapter is not to treat 
extensively of the subject of water piping, but to give such infor- 
mation as it is beheved will be of practical value to those who 
have piping to do around a building or plant. 

The sizes and kinds of piping, valves, and fittings which are 
used for water have been treated in the earher chapters. The 
following articles will deal with some of the special kinds of water 
piping. 

Gravity Pipe Lines. — If a pipe is used to fill one reservoir 
from another at a higher level, the pressure in the pipe will de- 



Fig. 251. Hydraulic Grade. Fig. 252. Siphon. 


crease uniformly from the higher to the lower level, this differ- 
ence being due to friction. The pressures can be represented by 
the line x~y, Fig. 251, where the pressures at various points are 
proportional to the height of line x-y above the pipe. If the pipe 
should rise above x-y at any point, the pressure will be negative, 
and a partial vacuum will be formed, as at point A of the dotted 
pipe hne, resulting in decreased flow. This may be relieved by 
an air cock, or the outlet of the pipe may be restricted. The line 
x-y is called the hydraulic grade. 

A pipe used to convey water from one container to another, 
arranged as in Fig. 252, is called a siphon. In order to start water 
flowing the air must be removed from the pipe, when the atmos- 
pheric pressure at x will cause the water to rise in the pipe to 
point s;, from which it flows into container 2. The maximum 
theoretical vertical distance between x and 3 is 34 feet. The 
altitude of surface x and friction in the pipe will reduce this 
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amount. Air from the water may collect at the point z and must 
be removed to keep the siphon in operation. 

Flow of Water in Pipes. — The flow of water in pipes is too 
large a subject to be treated with any degree of completeness in 
this book, and the reader is referred to works on hydraulics. A 
few approximations and some common pipe data will be given, 
however. 

The quantity of water delivered by a pipe will depend upon the 
head or pressure and the frictional resistances. At a given point 
the cubic feet of water passing will be equal to the area of the 
pipe times the velocity of the water. 


Q = Av (26) 

when 

Q = cubic feet per second. 

A = area of cross-section of pipe, square feet. 

V == velocity of flow, feet per second. 

If the head or pressure is given the velocity may be figured and 
then the quantity obtained by using the above formula. Table 
81 gives pressures equivalent to various heads of water. 

TABLE 81 


Equivalent Pressures and Heads of Water 


Feet 

Head 

Press, 
per Sq. In. 

Feet 

Head 

Press, 
per Sq. In. 

Feet 

Head 

Press, 
per Sq. In. 

Feet 

Head 

Press, 
per Sq. In. 

1 

.43 

50 

21.65 

170 

73.64 

290 

125.62 

2 

.86 

60 

25.99 

180 

77.97 

300 

129.95 

3 

1.30 

70 

30.32 

190 

82.30 

310 

134.28 

4 

1.73 

80 

34.65 

200 

86.63 

320 

138.62 

5 

2.16 

90 

38.98 

210 

90.96 

330 

142.95 

10 

4.33 

100 

43.31 

220 

95.30 

340 

147.28 

15 

6.49 

no 

47.64 

230 

99.63 

350 

151.61 

20 

8.66 

120 

51.98 

240 

103.96 

360 

155.94 

25 

10.82 

130 

56.31 

250 

108.29 

370 

160.27 

30 

12.99 

140 

60.64 

260 

112.62 

380 

164.61 

35 

15.16 

150 

64.97 

270 

116.96 

390 

168.94 

40 

17.32 

160 

69.31 

280 

121.29 

400 

173.27 


The theoretical velocity can be found from the formula for fall- 
ing bodies, as given below : 
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V = '^2gh (27) 

in which v = velocity of flow, feet per second. 
h = head of water, feet. 
g = 32.16. 


Values given by the above formulas are theoretical, and if the 
length of the pipe is at all great will be very much reduced. 

For clean straight pipe the quantity of water discharged and 
friction loss at different velocities of flow may be obtained from 
Fig. 253, which was plotted from Ellis and Howland’s tables by 
Mr. Walter R. Clark, Ph.B., Mechanical Engineer with Bridg- 
port Brass Company, using formulas (28) and (29). 

V = velocity in feet per second. 

G = gallons per minute. 

F = pounds friction loss per 100 feet. 

D = diameter of pipe in inches. 


G = .245z;D2 


F = 


.03G2 


(28) 

(29) 


Formula (28) is taken for velocities greater than three feet per 
second. The method of using this chart may be understood from 
an example. A flow of 300 gallons per minute is required with 
a pressure loss of 25 pounds. The distance is 100 feet. Find the 
intersection of a vertical line from 300 gallons with a horizontal 
line through 25 pounds friction loss, which gives a 2 V 2 inch pipe 
and 19 feet per second velocity. The heavy lines show actual 
diameters, light lines show nominal diameters. 

All fittings, meters, changes in direction, changes in the con- 
dition of the pipe and other factors produce friction and tend to 
reduce the flow so that they should be taken into account when 
estimating sizes of pipes. The length of pipe equivalent to an 
elbow for various sizes of pipe and velocities of flow may be found 
in Fig. 254, which shows results obtained from experiments by 
Professor F. E. Giesecke (Domestic Engineering, Nov. 2, 1912). 

Pump Suction Piping. — The flow of water into the suction 
pipe is dependent upon atmospheric pressure, from which it 
follows that the piping should be direct and with as few valves 
and angles as possible so as to avoid friction. It is of course essen- 
tial that the piping should be tight. Whenever possible, new 
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piping should be tested with water under a pressure of between 
25 and 50 pounds per square inch. 

The velocity of flow in suction piping under ordinary conditions 
may be from 150 to 200 feet per noinute. For long pipes or high 
lifts a larger pipe should be provided to reduce the velocity of 
the water. This velocity depends upon the difference in pres- 
sures between that on the surface of the water and in the pump, 



Fig. 254. Length of Pipe Equivalent to an Elbow, Tee, etc. 

and cannot exceed that due to the vacuum less the head of water 
in the suction pipe. If this v(docity is too low or the pipe too 
small, the pump cylincha’ will not fill on each stroke. 

The column of water in the suction pipe must be stopped and 
started at the end of each stroke. This action can be modified 
by providing a vacuum chamber into which the water may con- 
tinue to flow. In every case it should be so placed that the water 
may flow into it without changing its direction abruptly, Fig. 
255. The proper position for the vacuum eham])er is at the 
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highest point in the suction pipe and as near the pump as possi- 
ble, in order to obtain the full benefit of the regulating action. 

With long pipe or high lifts a foot-valve should be provided at 
the lower end to keep _ 
the pipe full of water. 

In the arrangement 
shown in Fig. 256 a 
long pipe is avoided 
by the use of a well, 
supplied by a pipe 
through which water 
flows by gravity. The 
pump takes its water from this well. This method is frequently 
used for supplying condensing water. 

The maximum theoretical height through which cold water 
can be raised by suction is 34 feet, at sea level. At higher levels 
this distance is less. Air leaks and friction reduce this so that 
the practical lift is about 26 feet. When water is heated it gives 
off vapor or steam at 212*^ F. imder atmospheric pressure. 
At lower pressures this action takes place at lower temperatures. 
For this reason hot water cannot be raised as high as cold water 
by suction. The theoretical heights that hot water may be 
raised at different temperatures are shown in Fig. 257. It is al- 




Fig. 255. Arrangement of Suction Piping. 



ways better to arrange to have hot water flow into the pump, 
especially if it is above 120° F. 

Pump Discharge Piping. — Since the water delivered has the 
force of the pump pressure it may be given any velocity, and 
friction is not so serious as in the suction pipe. For this reason 
the discharge pipe is generally made smaller. A velocity of 250 
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to 300 feet per minute is a' fair value for the discharge pipe, al- 
though velocities up to 400 feet per minute are allowable. 



Whenever valves are used, either in tlio suction or discharge 
piping, the gate form should be a(lo[)tcKl as it offers very little 
resistance to flow, while globe valv(5s offer vcuy large r(^sistance. 

Boiler Feed Piping. — Boilers of ov(‘r 50 horsc^powc^r sliould 
have at least two methods of feed wafer su[)i)Iy in onk^r to insure 
a supply at all times. When cit.y mains an^ us(‘(l for hoik^r fec^l 
a tank should bo provided witli a larg(‘ capat'ily whca-ci wat(T (^an 
be stored, as it is unsafe to (k^ix^id upon outside^ sourccts of 
supply. The city pip(‘s sliould fVe^d into tliis tank and the 
boilers should be su[)i)li(Ml by a pumj) or injector. 

For hot f(‘<Ml waiter 


n 

rr. 1 brass pip(‘ is to bt^ pns 


l<*rr(Mi, although (^xira 


- - heavy st(‘el pipc‘ may be 

, — 

usimI. 'rh(‘ tV(‘d j)ip(‘ to 

^ Suction 

boiler should bt^ provid(‘d 


with a stop valv(* and 
cheek \’alv(*, th(‘ stop valves 


Fi^. 258. Holler Fee, 1 1-ipc. I'cniK tiearcr the hoiW. 

A relict valv(‘ loeut(‘d h{‘- 


tween tlieso two vaivc's is d(‘siraldr when a pump is us(‘d, as it 
will prevent an undiKi ns(‘ in jiressure should tln^ pump Ik) 
started with the sto]) valvii elo.'^cil. 'rhis relief valve may Ix^ 
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much smaller than the discharge pipe. Fig. 258 indicates the 
arrangement of valves. 

Variations in pressure seriously affect the supply of water to 
the boilers. For this reason it is very desirable to have the boiler 
feed pipes independent of all other piping. Where a common 
pipe line is used to supply water for other purposes the opening 
of valves to draw off water changes the pressure in the pipe and 
the rate of feed to the boilers. The use of pump governors for 
maintaining a uniform pressure in the discharge line is described 
in Chapter VII. 

Interior Water Piping. — When the water supply for a building 
is obtained from city or water company mains, a ^^corporation 
cock” is tapped into the street main. Connection is made be- 
tween this cock and the service pipe leading into the building by 
lead pipe in order to provide flexibility, which is necessary to take 
care of any changes in alignment. The size of the cock will of 
course depend upon the amount of water to be supplied and may 
be from Vs to IV 4 inches for dwelhngs, larger sizes being used 
for public buildings and factories. The sizes of pipes used for 
delivering water to the different outlets in a building vary, but 
they may be the same as the fitting supplied if not over 25 feet 
long. The figures given in Table 82 show the usual range of sizes. 


TABLE 82 

Sizes of Water Supply Fittings 


Fitting 

Pipe Diameter 

Corporation cocks 

Vs" to 2" 

Compression bibbs or faucets for basins, sinks, etc. 

1 / 4 " to 2" 

Ball cocks 

1 / 2 " to 2" 

Stop cocks I 

'A" to 2 " 


The interior piping should be of the material best adapted to 
its use. Plain iron pipe should not be used for hot water as it 
corrodes very rapidly. Brass pipe is best, but galvanized iron is 
also suitable. For cold water either galvanized or lead pipe may 
be used. 

Hydraulic Pipe and Fittings. — The dimensions of standard 
steel pipe are given in Chapter II. For hydraulic work extra 
strong pipe may be used for pressures up to 1000 pounds and 
double extra strong for pressures up to 6000 pounds per square 
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inch. Extra strong and double extra strong screwed fittings 
may be used for making joints. 



Fig. 259. Hydraulic Pipe and Coupling. 


The pipe and couplings shown in Fig. 259 are made by the 
Watson-Stillman Company for pressures of 1000 and 3000 pounds. 
The internal diameter may be the same as either extra strong or 
double extra strong pipe. The flanges are made integral with 



the pipe and are held together by a wry heavy steel split ring, 
the two part.s of whieh are drawn together by two l)Olt.s. A cup 
,)aeking is nseil to prevent leakage. 'I'he pipe is made in lengths 
to .suit the plans of the install.al ion. Fittings aiv also made with 

lianges arrangisl to use the same 
elami) couplings. A form of 
flange union for senavcid pipe as 
adoiil'-d by the .same company in 
eonnectiou with puni])s, pre.sses 
anil accumulators is shown in Fig. 
•JbO. It is ri-comniended for pres- 
Fig. 2r>l. Hydrauhr Mange ,,f l|)i)() |(, :)()()() pounds in 

size< from three to six inches. 
I’he two flanges are made of forned steel and Imve inside thiead 
eonneetions for the pipe. One part is recesseil to receive a pro- 
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jection from the other, a leather washer being inserted between 
them. Fittings and companion flanges are made with similar 
joints as shown in Fig. 261. 

In hydraulic systems where there is a possibility of shocks 
which may raise the pressure above the safe amount, or where 




Fig. 262. Hydraulic Safety Valve. 


the pressure from the pumps may become excessive due to closure 
of the discharge pipe, some form of safety valve should be used. 
These are made in both the spring-weighted form and the lever 
form. A Schutte hydraulic safety valve is illustrated in Fig. 
262, which is made for pressures up to 6000 pounds. 



Fig. 263 . Hydraulic Check 
Valve. 



Fig. 264. Balanced Hydraulic 
Valve. 


Hydraulic Valves. — The general forms of valves for hydraulic 
purposes are the same as those described in Chapter VI, but the 
construction is heavier. Several valves as made by Schutte & 
Koerting Company are shown in Figs. 263, 264 and 265. A hy- 
draulic check valve as used for pressures up to 1500 pounds per 
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square inch is shown in Fig. 263. The smaU spring is to as^e 
seating. A valve for use at the same pressure is shown m Pig. 
264. This valve is balanced above and below the seat, so that 
the flow may be from either end, and requires but a small effort 



Fig. 265. Hydraulic Stop Valve. 



Fig. 266. XlnbalaiiccHi 
Hydraulic Valve 


for operation. A hydraulic stop valve for pressures up to 9(K)() 
pounds per square inch is shown in Fig. 265. An unbalanctnl 
hydraulic stop and check valve for working pressures up to 1.500 
pounds per square inch is shown in Fig. 266. A fine pitcdi thread 
and large handwheel are necessary for ease of operation. Sindi 
valves are often used on high pressure oil lines for turbine 
bearings. 


CHAPTER XIV 

COMPRESSED AIR, GAS AND OIL PIPING 

Compressed Air Piping. — Compressed air piping holds many 
features in common with steam piping. It -should be arranged 
as direct as possible, and with provision for drainage and expan- 
sion. All pockets, loops or places where moisture might collect 
should be carefully drained. There is also the danger of freezing 
in cold weather unless drains are provided. For these reasons 
separators should be installed at the low points on the pipe line. 
Such separators can be similar to the usual steam separator, or 
can take the form of a receiver. In many cases it is well to have 
a receiver near the point where the air is used and especially when 



Fig. 267. Expansion Joint Used for Compressed Air Line — Nicholson, 
Pa. Tunnel, D. L. & W. Cut-off. 


there is a widely changing demand for air. Often a receiver is 
desirable at both ends of the pipe line, more especially with long 
lines. 

Friction and air leakage are constant sources of loss with air 
piping and should be carefully avoided by making the line as 
tight as possible, and using long turn fittings. Gate valves and 
shut-off cocks should be extra heavy. Careful attention to sup- 
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ports will do much toward eliminating vibration and so help to 
maintain tight joints. 

The author is indebted to the Ingersoll-Rand Company, for 
Fig. 267 which illustrates a short section of a pipe used on the 
contract for the Nicholson Pennsylvania Tunnel for the D., L. 
and W. cut-off, and shows a simple but effective form of expan- 
sion joint. This piping has been used on several jobs and is still 
in perfect condition, due to the care exercised in laying it and a 
special graphite mixture used on all joints. This pipe is laid so 



as to drain toward the air receiver from which any moisture can 
be blown off. 

Compressed Air Transmission. — In calculating pipe lines for 
compressed air, Unwin's formula for flow of fluids as stated below 
may be used. 

Q = Volume in cubic feet per minute at pressure P 2 . 

Pi = pressure at entrance in pounds per square inch. 

P 2 = pressure at end of pipe in pounds per square inch. 

d = diameter of pipe in inches. 

L = length of pipe in feet. 

Wi = weight of air in pounds per cubic foot at pressure Pi. 

C = an experimental coefficient. 


Q.erg----^]' 

L WiL J 


/2 


( 30 ) 
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Values of Wi are given in Table 83 which is from Ingersoll-Rand 
Company's catalog. The coefficient C may be taken from the 
curve, Fig. 268, where a number of values have been plotted. 

For computations having to do with compressed air trans- 
mission, the information given in Tables 84 and 85 which are 
from the catalog of Ingersoll-Rand Company, may be used. 

TABLE 85 

Multipliers for Determining the Volume of Free Air 
At Various Altitudes which, when Compressed to Various Pressures, is 


Equivalent in Effect to a Given Volume of Free Air at Sea Level 


Altitude 

in 

Barometric Pressure 

Gauge Pressure 

Inches 

Pounds 

60 Lbs. 

1 80 Lbs. 

1 100 Lbs. 

1 125 Lbs. 

150 Lbs. 

Feet 









Mercury 

Inch 



Multipliers 



0 

30.00 

14.75 

1.000 

1.000 

1.000 

1.000 

1.000 

1000 

28.88 

14.20 

1.032 

1.033 

1.034 

1.035 

1.036 

2000 

27.80 

13.67 

1.064 

1.066 

1.068 

1.071 

1.072 

3000 

26.76 

13.16 

1.097 

1.102 

1.105 

1.107 

1.100 

4000 

25.76 

12.67 

1.132 

1.139 

1.142 

1.147 

1.140 

5000 

24.79 

12.20 

1.168 

1.178 

1.182 

1.1 S 7 

1.100 

6000 

23.86 

11.73 

1.206 

1.218 

1.224 

1.231 

1.234 

7000 

22.97 

11.30 

1,245 

1.258 

1.267 

1.274 

1.27 H 

8000 

22.11 

10.87 

1.287 

1.300 

1.310 

1.319 

l .;426 

9000 

21.29 

10.46 

1.329 

1.346 

1.3.66 

1.366 

1.374 

10000 

20.49 

10.07 

1.373 

1.394 

1.404 

1.416 

1.424 


The Air Lift Pumping System. — The use of compressed air 
as a means of raising water is illustrated in Fig. 269. This form 
of air lift pump was patented by Dr. E. S. Pohlc in 1886. Scvciral 
arrangements for the lower end of the air pipe are shown. The 
system is composed entirely of piping and the operation is as 
follows: air is piped to the lower end of the water pipe where it 
mixes with the water. As this mixture is lighter than the waf.er 
it is forced up the pipe and out at the discharge. The lift of cour.se 
is the distance from the water level to the discharge opening. 
The distance from the water level to the bottom of the pipe wIkuo 
the air is introduced is called the submergence. The amount of 
submergence to give most efficient results varies greatly and is 
often determined by trial for a given installation. 

Concerning the proportions of air lift wells, Practical Engineer, 
January 1st, 1916, gives Table 86, and says: “there arc two cla-sses 
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of submergence, starting submergence, which is temporary, and 
running submergence, which is the important factor in any pump- 
ing proposition. It is usually expressed as a percentage of the 
total length of the water column from the point where the air is 
introduced to the point of discharge. 

Necessary percentage of submergence varies in accordance 
with the hft, low lifts requiring proportionately more submer- 


Fig. 269. Air Lift Pumping System. 

gence than high lifts. The range of these percentages is found 
within the following limitations: for a lift of 20 feet, 66 per cent.; 
for a lift of 500 feet, 41 per cent. 

Knowing the total lift and running submergence, the approxi- 
mate amount of free air required can be calculated from the 
following formula: 



V = volume of free air to raise one gallon of water. 
L = total lift in feet. 
s = running submergence in feet. 

C = constant found in the following table. 
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Lift in Feet (L) 

10 to 60 inclusive 
61 to 200 
201 to 500 
501 to 650 
651 to 750 


Constant 

245 

233 

216 

185 

156 


TABLE 86 


Well Pipe Sizes 


WeU 

Casing 

Inches 

1 Side Inlet 

Center Air Pipe 

Water 

Pipe 

Air 

Pipe 

Capacity 
Gallons per 
Minute 

Air 

Pipe 

Capacity 
Gallons per 
Minute 

3V2 




I'A 

115 

4 

1V2 

V4 

25 

GA 

150 

4V2 

2 

1 

50 



5 

2^2 

1 

75 

2 

240 

6 

3 

I'A 

105 

2 

360 

7 

3V2 

i‘A 

145 



^ i 

4 

I'A 

190 



9 

5 

2 

300 



10 

6 

2 

425 




Gas Fitting. — Piping for gas inside of buildings is generally 
spoken of as gas fitting. It is not the purpose of this chapter to 
cover thoroughly the field of gas fitting, but to give only such 
information as might be of use to those who occasionally have 
some gas fitting to do. Gas piping should always be carefully 
done and thoroughly tested. 

The various pipes used in conveying gas from the source of 
supply to points where it is burned are distinguished by different 
names, depending upon their particular purpose. The cast-iron 
pipes used to convey the gas through the streets are called mains. 
From the mains, service pipes of cast-iron or wrought iron lead 
to the building. These should be taken from the top of the 
mains. Inside of the building the distributing pipes carry the 
gas to the lights, heaters, etc. A riser is a vertical pipe through 
which the gas flows upward. A drop is one in which the gas flows 
downward. 

Materials. Cast iron and standard steel or wrought iron 
pipe are used for gas piping. Fittings should be of malleable iron 
and galvanized. Cast-iron fittings are heavier than malleable 



COMPRESSED AIR, GAS AND OIL PIPING 


247 


iron and are more easily cracked or otherwise damaged. Gas 
fittings in addition to those shown in the chapter on Pipe Fittings 
are illustrated in Fig. 270. For turning on and off gas in service 
pipes gas cocks are used, as shown in Fig. 271. Fig, 272 is a 
meter cock, and Fig. 273 is a gas stove cock. 



Fig. 270. Gas Fittings. 


Location of Piping. — The gas supply pipe from the street 
should incline upward from the main in order that any condensa- 
tion will drain back into the main. The amount of slope is not 
material but should be sufficient to prevent the possibility of 
water pockets forming, due to the settling of the pipe. In every 
case the pipe should be firmly supported, and should be tested 
for leaks before filling in the trench. 

The piping in the building should be run to the fixtures with as 
few fittings as possible, and should be pitched to provide drainage. 



For this reason it is better to supply burners and fixtures by risers 
rather than by drops. 

Sizes of Pipes. — The size of pipes should be based upon the 
maximum quantity (cubic feet) which is likely to be used. For 
lights the meter rating of five cubic feet per hour may be used in 
estimating the sizes of pipes. For cook stoves the size of pipe will 
vary from V 4 inch up to 1 V 2 inches or more, depending upon the 
size of the stove. Service pipes should never be less than V 4 
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inch, regardless of length, and in cold climates where there is 
a possibiUty of frost forming it is better to use at least one inch 
pipe. Insulating material may be used to protect the piping from 
extreme cold. Alcohol may be poured into the pipe and allowed 
to melt the frost which forms due to moisture in the gas. The 
size of pipe for a given quantity of gas may be figured by Moles- 
worth’s formula for maximum supply in cubic feet per hour. 

7 = 1000 (32) 

in which 

V = maximum cubic feet per hour. 
d = diameter of pipe, inches. 
h = pressure, inches of water. 

G = specific gravity of gas (air = 1). 

L = length of pipe in yards. 

The value of G may be taken at from .40 to .65 based on a value 
of 1 for air. 

A series of articles “Instructions for Gas Company Fitters,” 
by Mr. George Wehrle, published in The Gas Age, New York, 
permission of which has been given the author under the copy- 
right of the former, give complete particulars of the above subject. 
Mr. Wehrle uses formula (33) for the flow of gas in pipes. 



Pi = initial pressure, inches of water. 
P 2 = final pressure, inches of water, 
other letters as in formula (32). 


Quoting further from Mr. Wehrle^s articles on the subject of 
“Conductivity of Pipes,” he says: 

“The conductivity of a pipe is its carrying capacity in volumes 
of gas, which is variable under certain conditions of pressure, 
length and gravity of gas. 

“All fitters know that the elimination of ‘dead ends' in gas 
pipes is favorable to the carrying capacity of the pipe, but to 
just what extent, and the cause, should be understood. 

“In the accompanying table. Fig. 274, explanation is given of 
results to be obtained under different conditions representing 
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different methods of installing pipes. The first illustration repre- 
sents a pipe supplied from one end, discharging from the other, 
as a service pipe. This condition is represented as unity in all 
quantities. The second illustration represents a pipe fed from 
both ends, discharging from a point midway between the ends. 
Here a comparison with the first illustration shows that such an 
installation, considering the specific gravity of the gas to be the 
same, will pass 2.8 times the amount of gas in a given time for the 
same length, diameter and pressure drop; will pass the same 
amount of gas for the same length and diameter with a pressure 
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Fig. 274. Pipe Conductivity Chart. 


drop of Vs as much; will pass the same amount of gas with the 
same pressure drop and diameter with a length eight times as 
great; or will pass the same amount of gas for the same length 
and pressure drop with a diameter .66 as great. 

'‘The third and fourth illustrations bear the same relative 
value to each other as the first and second, but have different 
values, as shown, when compared with the first. Comparisons 
of any one with another are easily made. Exactly the same values 
are obtained if the pipe is fed from the center, discharging from 
both ends. 

"Problems very often occur in house piping where a knowledge 
of the above information proves of great value. In meter header 
installations, illustration No. 4, or its counterpart (fed from 
the middle, discharging both ways) should in all cases be used, 
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i‘vc»ii at the expense of additional pipe over No. 3. In street 
main work, it is general practice to tie in all dead ends possible, 
most eonipanies allowing a considerable expense to be used for 

that pur|X).si!.'* 

Testing, — Gas Pi{>e systems should be tested before turning 
o!i tlu^ gas in order to be certain that all the joints are gas tight. 

Gas fitters’ proving pumps are 
made for this purpose. They 
may be used with a mercury 
column or a spring gage, the 
former being preferred. A 
proving pump is shown in 
Fig. 275. The pump is used 
to force air into the system, 
and a pressure should be 
maintained for one hour, with 
a pressure loss of not more 
than V 4 mch of mercury 
(about Vs pound per square 
irn^h pressure). The rate of 
drop in pressure is an indica- 
tion of the extent of leakage. 
In order to locate the leaks 
an (dher cup is attached to 
the pump through which ether 
may hr iiii imiiiKaal into th(‘ piping, and l)y its odor indicate the 

pnints of Ic.ukago. 

Gas Meters. Gas is ordinarily measured in cubic feet. The 
u u.'il f<»rin of riH*t(‘r lor nuaisuring gas is ilhi.stratcd in Figs. 276 
and 277. ddiis form is (‘alhal a dry gas meter, and generally con- 
M'-ts of two (‘h.‘iml)(‘rs whi(*h an' s(‘j)aratcd from each other by 
p.'ii t it ions :uid Ik'xibk diaphragms. The operation may be undei- 
htood by reference' to fh(' diagram, Fig. 277. The gas from the 
.'-lre(‘t <‘nt(‘rs through l>ipe / to tlu^ space A, and then through 
(opening (o spae(‘s B, />^ where it (ixorts pressure against the 
diaphragm <>, .) and so loiaa's the gtis from spaces C, (7, out through 
b 5 and to th(‘ piping system. When the spaces B, B arc filled 
thf' slid(‘ valv(' 7 is moved so as to open port 4 to space A and to 
vimiwvi port .2 with th(^ outlet pipe. Gas then flows into spaces 
(\ G and moves the diaphragm, expelling the gas from spaces 


A 



14 ' ‘JT.'r 1 1.1' Provinji Pump. 
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B, B. This operation is by the 

recording discs which record the ^unt of ^ 

meter. A view of the left and read the smaller 

read the meter begin with the Ja th 

of the two numbers on each of 66200. 

dials, and add two ciphers^ Tte ^ 

Such a reading, subtracted r ^interval. The small dial 

the amount of gas consumed m the interv 

k 


CUBtC0FKT 



I’l 

f'WV 


c 15 

c [b 





-Jf 

1. ^ — * 


ma, be used to observe to ot ‘WPhon “ j 

cate leaks in the system. Betor 

advisable to be sure that ^ ® ^ ^ The connection to the 

pressure can come upon the diaphr^gm. 

Lter should be one si.e on a solid support 

gas is supplied ^ -ter sh^^^^^^ 

and not in a damp pla , g^j-g sometimes based upon a 

temperatures. Sizes of gas m so 

consumption of five cubic fe capacity of 500 cubic feet 

that a 100 -Ught meter would have a capac y 

per hour. . Meter Connections of the 

JScroi Insautel^s much valuable information on this 
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matter, and reports standard methods of many different com- 
panies. No standard is recommended, as the requirements are 
not the same in different cities. The following matter is ab- 
stracted from the above report. 

^^The tendency is for gas companies to discontinue the use of 
lead outlet connections, especially above the 10-light size, and to 
discontinue the use of lead inlet connections for all sizes, and to 
use all-iron connections and suitable swing joints, and, in addi- 
tion, a solid or a split tie-in between the inlet and the outlet piping 



in ordcir to relieve the meter screws and column seams of all avoid- 
al)ki strain.” 

Philadelj)hia practice as described in the report follows, illus- 
trat(‘(l by drawings from the United Gas Improvement Company. 
Fig. 279 shows the standard meter connections for all meters 
(‘xce])t tiiose with flange connections. 

method of connecting 3- to 200-light meters, as shown by 
the following sketches (Fig. 279) calls for the use of all-iron inlet 
and outl(‘t connections having two double swing joints on the 
illicit. si(l(‘, and one double swing joint on the outlet side. 

“Th(^ two-piece, cast iron tie-in between the inlet and outlet 
nuder unions is first adjusted, when setting three- and five-light 
m(‘t(n\s, to the meter to be set; the two parts are bolted together 
and then attached to the inlet piping after which the outlet pip- 
ing connections are made up. 

“When a meter is changed on this type of connection, the 
two-piece tie-in is removed and refitted to the screws of the meter 
to 1)0 set, after which it is replaced in position on the piping 
connections. 
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^^The connection shown for meters larger than the five-light 
size permits of all necessary adjustment of the piping to the vari- 
able widths between meter screws, and enables the fitter to face 



up the meter screws and meter unions fairly well and to level 
the meter without straining the connections, meter screws, or 
column seams. 

“All meters set in Philadelphia are supported by means of 
hanger shelves, two-piece adjustable shelves mounted on a back 
board placed on the wall below the meters, or are set on meter 
tables, or on the floor. 

TYPES OF HEADER COMSTRUCTION 
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Fig. 281. Types of Header Construction. 
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The drawings reproduced in Figs. 280 and 281 show the prac- 
tice of the United Gas Improvement Company at Philadelphia 
for flanged meter connections and types of header construction. 
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Gas Piping Specifications. — Many cities and gas companies 
have rules and regulations governing the installation of gas pip- 
ing. Good practice is represented by the Mowing quotations 
from the specifications for fuel and illuminating gas of the United 
Gas Improvement Company, Philadelphia Gas Works, and the 
accompanying drawings, Figs. 279, 280, 281 and 282. This matter 
was supplied through the kindness of Mr. Walton Forstall, Assist- 
ant Engineer of distribution. 

6. Pressure Test. Th.e pipe should stand a pressure of 3 
pounds per square inch, or 6 inches of mercury column, without 
showing any drop in the mercury column of the gauge, for a 
period of at least ten minutes. Leaky fittings or pipe should 
be removed; cold-caulked or cement-patched material will be 
rejected. 

8. Obstructions and Jointing. — The piping should be free 
from obstructions. Every piece of pipe should be stood on end 
and thoroughly hammered, and also blown through, before being 
connected. White lead or other jointing material should be used 
sparingly, to avoid clogging the pipe. Jointing material should 
always be put on the male thread on end of pipe, and not in the 
fitting. The use of gas fitters’ cement on joints is prohibited. 
After being connected, all piping should be blown through from 
the last outlet on each floor to the lower end of the riser, to make 
sure it is clear. No piping should be coated or painted until in- 
spected and passed by the company. The use of unions in con- 
cealed work is not permitted; long screws or right-and-left 
couplings should be used. 

9. Slope of Piping. — The piping should slope toward the 
meter, or toward an outlet from which condensation can be 
removed if necessary; or it may be laid level. Piping with a 
perceptible sag, which might hold condensation, vdQ be rejected. 
It is especially important that underground piping be laid in 
such a way that condensation may be readily removed. 

12- A. Protection of Piping. — When necessary to imbed a pipe 
in direct contact with neat cement or ordinary concrete, black 
iron pipe may be used. If cinders, salt, sea water, or other sub- 
stance which has a corrosive action on the piping, is to be used 
in the fabrication of the cement or concrete, or if the concrete 
or cement in which the pipe is laid is to be exposed to brine, acid 
pickling-bath liquor, or other liquids of corrosive nature, or if 
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the pipe is to be in contact with composition flooring, or similar 
structural material, the piping shall be made up of pipe and 
fittings galvanized on the outside, and shall be painted with two 
coats of a pure red-leaded paint, a bituminous paint, or an equiv- 
alent protective coating. It is preferable that it also be wrapped 
or coated with an approved material for protection against 
corrosion. 

13. Outlets. — Ceiling outlets should project not more than 
2 inches, nor less than Vs inch, and should be firmly secured and 
perfectly plumb. Side-wall outlets should project not more than 
Vs inch, nor less than Vs inch, and should be at right angles to 
the wall and firmly secured. 

14. Gas Engine Connection. — (a) The gas piping should be 
of sizes in accordance with the following schedule: 


Size of Engine 
Ito 5 HP. 
6 10 
11 20 
21 30 

31 40 


Size of Connection 

1 inch 
HA 
IV2 

2 

2V2 


These sizes apply only where the length of piping from meter 
to engine is 50 feet or less, and where the piping supplies the gas 
engine alone. If other fuel or illuminating appliances are to fx^ 
supplied from the same piping, the sizes given above should not 
be used. 


16. Explanation of Piping Schedule. — (a) This schedule is 
based on the standard formula for the flow of gas through pij^(\s. 
The friction, and, therefore, the pressure necessary to over(X)ni(i 
the friction, increases with the quantity of gas flowing througli 
and as the aim of the table is to have the loss in pressure not t.o 
■ exceed one-tenth of an inch water pressure, per 30 feet of lengt h 
piping? the size of the pipe increases from an extremity towards 
the meter, as each section has an increasing number of outlets 
to supply. The quantity of gas the piping may be called on to 
dehver is stated in terms of Vs inch outlets, instead of cubic feet, 
outlets being used as a unit instead of burners, because at the 
time of first inspection the number of burners may not be defi- 
nite y determined. The consumption of gas through an outlet 
IS ass^ed to be 10 cubic feet per hour, this being rather less than 
would be used by two ordinary burners 
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TABLE 87. — 15. Piping Schedule 
Required Sizes of Piping for Various Lengths and Numbers of Outlets 


No. of 
Va Inches 
Outlets 


300 

350 

400 

500 


Size of Pipe in Inches 


Va 


V2 V4 


1 V 4 


1V2 


21/2 


Length of Pipe in Feet 


1 

20 30 

50 

70 

100 

150 

200 

300 

400 

600 

2 

27 

50 

70 

100 

150 

200 

300 

400 

600 

3 

12 

50 

70 

100 

150 

200 

300 

400 

600 

4 


. 50 

70 

100 

150 

200 

300 

400 

600 

5 


. 33 

70 

100 

150 

200 

300 

400 

600 

6 


. 24 

70 

100 

150 

200 

300 

400 

600 

7 


. 18 

70 

100 

150 

200 

300 

400 

600 

8 


. 13 

50 

100 

150 

200 

300 

400 

600 

9 



44 

100 

150 

200 

300 

400 

600 

10 



35 

100 

150 

200 

300 

400 

600 

11 



30 

90 

150 

200 

300 

400 

600 

12 



. 25 

75 

150 

200 

300 

400 

600 

13 



21 

60 

150 

200] 

300 

400 

600 

14 



. 18 

53 

130 

200 

300 

400 

600 

15 



16 

45 

115 

200 

300 

400 

600 

16 



14 

41 

100 

200 

300 

400 

600 

17 



12 

36 

90 

200 

300 

400 

600 

18 




32 

80 

200 

300 

400 

600 

19 




29 

73 

200 

300 

400 

600 

20 




27 

65 

200 

300 

400 

600 

21 




24 

58 

200 

300 

400 

600 

22 




22 

53 

200 

300 

400 

600 

23 




20 

49 

200 

300 

400 

600 

24 




18 

45 

190 

300 

400 

600 

25 




17 

42 

175 

300 

400 

600 

30 




12 

30 

120 

300 

400 

600 

35 





. 22 

90 

270 

400 

600 

40 





. 17 

70 

210 

400 

600 

45 





. 13 

55 

165 

400 

600 

50 






. 45 

135 

330 

600 

65 






. 27 

80 

200 

600 

75 






. 20 

60 

150 

600 

100 







33 

80 

360 

125 







22 

50 

230 

150 







15 

35 

160 

175 








. 28 

120 


39 

29 

22 

14 
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If any outlet is larger than Vs inch, it must be counted as more than one, in 
accordance with the schedule below: 

Size of outlet in inches V 2 V 4 1 2 2^/2 3 4 

Valuein Vs inch, outlets.,. 2 4 7 11 16 28 44 64 112 

17. Use of Piping Schedule. — In using the schedule observe 
the following rules: 

(а) No piping between the meter and the first branch line 
should be smaller than V 4 inch, 

(б) No piping should be smaller than Vs inch. 

(c) No independent line in the cellar or on the first floor, from 
the meter to a gas range should be smaller than 1 inch, but when 
the range is supplied from the house piping, a V 4 inch outlet will 
suffice. Above the first floor, an independent line from the meter 
to a gas range on an upper floor should not be smaller than. ^/4 
inch. No pipe laid under ground should be smaller than IV 4 
inches. No pipe extending outside of the main wall of a building 
should be smaller than inch. 

(d) No ceiling outlet where the height of ceiling is 20 feet or 
more should be smaller than V 4 inch. 

(e) Piping for any type of room heater, except gas logs, over 
18 inches in length, and where line does not exceed 9 feet in 
length, should not be less than V 2 inch. For similar installation.s 
with hne exceeding 9 feet, the size should not be less than 
inch, but a short riser through the floor may be V 2 iruih. In 
other cases, and where the house piping is to supply fuel appli- 
ances, other than ranges, application should be made to 
district shop to ascertain the proper size of piping. In any cusa 
the capped outlet should not be more than 2 inches nor less than 
Vs inch above the floor level. 

(/) In determining the sizes of piping, always start at the ex- 
tremities of the system and work toward the meter. 

ig) The lengths of piping to be used in each case arc the lengths 
measured from one branch or point of junction to another, dis- 
regardmg elbows or turns. Such lengths will be hereafter spoken 
of as '^sections” and are ordinarily of one size of pipe. There 
are only two reasons for which a change in size of piping will Ix^ 
allowed m a section. First: where the length of a section is greater 
than the length aUowed for the outlets being supplied, as for 
example, if a section supplying two outlets is 33 feet long, 27 
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feet of thiH could be Va inch, and the remaining 6 feet of V 4 inch. 
Second: where the required length for the outlets being supplied 
will cauHti a violation of clause (j) unless the size is changed. 

(ft) If the exact number of outlets under consideration cannot 
bo found in tlui schedule, take the next larger number. For 
example*, if 27 outlets are required, the next larger number in the 
.sclu»dule, which in 30, should be taken. 

(/) For any given number of outlets, do not use a smaller size 
pipi' than the suialU^st size in the schedule for that number of 
outU'ts. 'rhuH, to supply 17 outlets, no smaller size pipe than 1 
inch may 1 «‘ 'iscmI, no matter how short the section may be. 

(j) In any pi {ring plan in any continuous run from an extrem- 
ity to the* meter, tluire should not be used a longer length of any 
size pi!«* than nhown for that size in the line opposite 1 outlet, 
as 50 feet for inch, 70 foot for 1 inch, etc. Exceptions to this 
ruU^ are: I''ir.sl: wlum larger piping than called for by the schedule 
is run in following (ft) of this paragraph. Second: when fitter 
voluntarily rums a larger pipe than is necessary, as for example, 
if three outh'ts ure to Ik; supplied by 60 feet of piping, instead of 
50 fei't of I inch and 10 fecst of V 2 iach being required, the entire 
60 feet may be of ^/^ inch piping. When two or more successive 
w'ctions work out. to th<^ same size of piping, and their total length 
or sum (‘xceed.s the longest length shown for that size piping, 
the ebaitge in size to a larger pipe should be made as soon as the 


limiting length has been reached. For example, if 5 outlets are 
to lie .supiilie.d through 30 feet of piping, and then these 5 and 1 
more, making (> in all through 24 feet of piping, it would be found 
by the schedule, that 5 outkits through 30 feet require V 4 inch 
piping, ;m<l that t> outl<4,s t.hrough 24 feet require Vi inch piping, 
but as the .sum of t.h<^ two sections, 30 plus 24 equals 54 feet, is 
4 feet longer than th(i amount of Vi inch piping that may be 
used in any eoutiniKtus run, t,h(^ 24 foot section must be changed 
from ■' 1 iiicli to 1 inch, 4 hsd. from the end nearest the meter. 

(ft) Never supiily gas from a smaller size pipe to a larger one. 
If 25 outlets (.0 be supplied through 300 feet of piping and 
thes(‘ 25 and 5 more, making 30 in all, through 100 feet of piping, 


it would lie. found by the 
feet nspiire 2' inch l)ipe, 
2-ineh pipe, but as under 
supiilying a 2'/2 inch, the 


schedule that 25 outlets through 300 
and 30 outlets through 100 feet require 
this condition a 2-inch pipe would be 
100 foot section should be made 2^/% 
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inches. This does not apply to the case of a small pipe inside of 
a building supplying one outside of a building, which has been 
made larger as per (c) of this paragraph, because it is exposed to 
out-door temperatures. 

18. Plan of Piping. — In preparing a plan, Fig. 282, the follow- 
ing instructions should be strictly adhered to: 

(a) Vertical piping should be drawn parallel to the short side 
of the sheet. 



(6) Piping through the length of the building should be sliown 
parallel to the long side of the sheet- 

(c) Piping across the width of the building should be shown 
diagonally on the sheet. 

(d) State length and size of each section of piping. A section 
designates the length of piping existing between outlets, fittings 
and points of changes in piping sizes. 

(e) On horizontal piping, mark the length under the line, and 
the size over the line. 

(/) On vertical piping, including drops, mark the length to the 
right of the line, and the size to the left of the line. 
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(g) Mark each outlet X, and in case of a plugged outlet, state 
its size. 

28. Stems. — (a) The sizes of pipe or tubing in the stems of 
pendants, or of wall brackets, should be not smaller than those 
in the following schedule: 


Length of Stem 

Number 

of 

When made of 
Iron Pipe 

,, i 

When made of 
Brass Tubing 

Gas-way 

through 


Burners 

Cased 

Uncased 

Plain 

Chain 

Cock 

30" and under 

1-2 

Vs" 

Vi" 

Vs" 

Vs" 

Vs" 

Over 30" and under 42" 

1-2 

V 4 " 

Vi" 

Vis" 

Vs" 

Vs" 

42" and over 

1-2 

‘A" 

Vs" 

Vis" 

Vs" 

Vs" 

Any Length 

3-6 

'A" 

Vs" 

Vs" 

Vs" 

Vis" 

n a 

7-12 

13 and 

Vs" 

Vs" 

Vs" 

Vs" 

Vis" 


over 

V/ 

Vi" 

Vi" 

Vs" 

Vi" 


“Length of stem’^ is understood to be a distance measured as 
follows: 

In pendants, a straight line from the stiff joint to the lowest 
point of the pendant. 

In brackets that carry more than one burner, a straight line 
from the stiff joint to the point where the arms diverge. 

(b) A one-piece or harp pendant, if not over 33 inches long, 
may be made of Vs inch iron pipe, or ^/s inch brass tubing. If 
longer than 33 inches, it should conform to the schedule. 

(c) In the case of wall brackets, that carry more than one 
burner, the sizes given in the schedule are correct, except that 
no pipe of smaller size than V 4 inch should be used. 

29. Arms. — (a) Arms of pendants or of wall brackets, that 
is, those parts which carry gas for only one burner, should be 
made not smaller than the sizes in the following schedule: 


Length of Arm 

When made of Iron Pipe 

Brass Tubing 

Cased 

Uncased 

12 inch and under 

Vs" 

Vs" 

Vs' 

Over 12 inch and under 18 inch 

Vs" 

Vi" 

Vis' 

Over 18 inch 

Vi" 

Vs" 

Vs" 


“Length of arm” is understood to be a distance measured as 
follows: 
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In pendants, a straight line from the centre of the stem to the 
centre of the burner nozzle; 

In stemless wall brackets, as stiff, single-swing or double-swing 
brackets, carr 3 dng but one burner, a straight line from the stiff 
joint to the centre of the burner nozzle, measured when the bracket 
has its maximum reach; 

In stemmed wall brackets, a straight line from the point of 
divergence of the arm to the centre of the burner nozzle. 

(&) In the case of cast wall brackets, the area of the gas-way 
in stems and arms should be not less than the area of the pipe, or 
tubing, of equivalent lengths, of the sizes already specified. 

30. General. — (a) Special precautions should be taken in the 
construction to prevent the obstruction of the gas-way by foreign 
matter, such as solder, other jointing material, or metal chips. 
The ends of tubing should be reamed to remove burs. When 
duplex tubing is used, care should be exercised to prevent faulty 
alignment of gas-ways. 

(b) Gas fitters^ cement should not be used on any part of the 
fixture where it may be affected by the heat from the burners. 
Where solder is used, it should be of such a mixture that it will 
not be affected by the heat from the burners. 

(c) Fixtures for out-door use, or in exposed situations, should 
be provided with suitable drips, or means for the convenient 
removal of condensation from any part of the fixture in whiedx 
such condensation may accumulate. 

(d) Globe rings should fit snugly over the threads of the hunuu 
nozzles, and should be so constructed that the screwing on of the 
burner will be certain to bind the globe ring firmly betweem the 
binner and the shoulder of the burner nozzle. Globe riiigs 
should have ample openings for the admittance of the projxu’ 
quantity of air to the burners. 

Oil Piping. The following articles contain a few general idcuis 
upon various kinds of oil piping. The problems to be met are 
about the same as those common to all kinds of piping. For 
lubricating oil almost any material may be used. Small oil pipes 
may be of copper, as it is easily bent to conform to the shape of 
the machine to which it may be attached. Brass and steel pipe 
and tubes are generally used with screwed fittings, brazed joints 
and special connections. For fuel oil, steel piping and galvanizcMi 

tings are advisable. Oil pipes should always be sufficiently 
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large to prevent choking, especially returns from a lubricating 
system. 

Oil Piping for Lubrication. — Various methods of supplying oil 
to machinery are in use. In some cases it is advisable to use a 
simple oil or grease cup and allow such oil as is not used to go to 
waste. For steam engines the splash system may be employed. 
For oiling the valves and cylinders of steam driven machinery 
the oil may be supplied by a sight-feed lubricator. In other cas^ 
a force feed or sight-feed system may be employed and the oil 
collected, filtered and used over again automatically. Such 



systems involve pumps, piping, filters, etc., but cut down the 
amount of oil required. For an efficient lubricating system the 
following considerations should be given attention. e 
should be supplied in a continuous stream at the po ^ 

where it is needed. The oil should be sufficiently “ol so that 
it can carry away heat. There should be a careffiUy designed 
system for collecting the oH which drains from the lubricatmg 
system. There should be an efficient filter for removing dirt, 
particles of metal, and water from the oil. 

Richardson Individual OUing - This i. one of the 

systems of the Richardson-Phenix Company, and is illustrated 
in Fig. 283, which shows the application to a siinple engi _ 
oU, Ster being used, flows by gravity to a cast-iron dram weU. 
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One end of a double-ended plunger pump raises this dirty oil from 
the well and discharges it into the filter where the oil is purified. 
It is then pumped through a system of piping on the engine, or 
other machine, and dehvered to the sight feed oilers located at 
each of the points to be lubricated. A constant oil pressure is 
maintained by means of a glass overflow stand. 

Phenix Individual Oiling System. — This method is similar to 
the Richardson system, but the apparatus is differently arranged, 
adapting it for small engines, air compressors, and ice machines. 



The principle of operation and the required parts are shown in 
Fig. 284. The dirty oil flows into a receiver-separator, where 
heavy foreign matter and entrained water are removed. It is 
then pumped up to the filter-reservoir where it is purified. From 
the final purification the oil flows by gravity to the various sight 
feed oilers. 

Oil Pipe Fittings. — In addition to the regular pipe and fittings 
there are several special forms of fittings used with oil piping, a 
number of which are illustrated in Fig. 285. Feed valves arc 
shown at A, B and C, where A is a plain feed valve, straight form, 
R is a sight feed valve, angle form, and C is a cross sight feed valve 
with a lever for stopping the feed. Regulation is ol)tained by 
the nut 1 and the valve is closed by throwing the lever ^ down 
into the position shown by dotted lines. These may be in the 
form of straight, angle, cross, or corner fittings, and arc made 
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fit 1/ Vi Vs and V2 

in sizes to fit /s, /i, A a / adjustable mck wiper at 

wmpr CUD is shown at D, ^ 

E a dri? trough at F, and m ott cup wiper tip at 0. 



Oil Pipe Pittings. 

Some fittings ate so ^e “ ^yi^Sfi!" Sh fitting is 
as the ^S^bror take down the 

a union, thus making rt vw “Xbrass cinch ring which 

piping, Eeterring to the fi^ A ri a gt 

r„Sfin°rS 



flie nut D screwed on, making a double jomt 


at E-E, thus insur- 


ing tightness. _ drawing showing the pipe layout for 

OU Piping A draw g 

an oihng system ^ fuU lines being used for the 

indicated by very fine hnes, Heavy lu 





Fig. 287. Drawing Showing Piping for an Oiling System. 



COMPRESSED AIR, GAS AND OIL PIPING 


267 


clean oU lines ^qS'is^given in 

opposite the reference nuteto. The convent, onal 
^bols an shorn, in the cha^pter on pipmg 
drawings are used as the scMe is sma . ^ 

Sight Feed Lubricator Connections. 

The method of piping a double connection 
2ht feed lubricator for steam _ cylinders 

L‘showninFig.288. ^ 

lubricator depends upon having a great 
SeT pi^^THs ? accompShed by_ a 

"pterritfsi 

the head of water (condensed * 

condenser pipe, and so force the od 
the lubricator into the steam pipe. 

S'ceii; that tie co— ^ 
be about 18 inches long, m order to be sur 
5 a sufficient diffetente m P« “ 
connection is made to a horizontal pipe the 

;bs^rdrLrtr]u5 

Cod S^nX sL‘^f'irtabricator. tie pipe B maybe V. 

inch Steel pipe m essentially differ^.* 

OU Fuel Pipmg. - ^ .to^dard pipe with screwed 

than for other purposes__ Extra y 

joints may be used. Tight ] J ^^^.^^Q^rd or prepared 

screwed on and “^Jer mMerial affected by the sul- 

oilproof packing, On this account copper pipmg 

phur in the oil must jping may be extra heavy 

should not be used. ^ / Valves in the suction line 

galvanized iron, brass or conip ofjer less resist- 

to oil pumps should be of e g ^ delivery pipes, 

ance to flow, but globe I maximum of 20 feet 

The velocity of flow m oil pipes ra g t ^ pipes, 

per minute in suction pipes to 100 feet per 



Fig. 288. Lubricator 
Connections. 
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For the United States Navy. service oil piping is specified as 
seamless-drawn steel, with steel flanges, pipes for heating coils, 
seamless-drawn steel, and suction oil piping, lap-welded steel or 
wrought iron. Service oil fittings are of cast steel or composition 
and suction oil fittings are cast steel or cast-iron screwed fittings. 
All joints and fittings in pressure piping must be oil tight under 
test, without the use of gaskets. On suction lines paper gaskets 
may be used. 


CHAPTER XV 

ERECTION ~ WORKMANSHIP— MISCELLANEOUS 

Handlmg Pipe. — la the handling of pipe it is advisable to 
keep wrenches and tools off from the -threads and to protect 
them from injury in other ways. Clean, sharp threads form the 
very best means of obtaining tight joints. 

The countersinking of tapped holes is of advantage in making 
certain that the pipe will enter squarely, and that the threads 
will not cross. Fittings and valves are manufactured mth such 
counterbores as shown at A and B in Fig. 289. The end of the 
pipe may also be chamfered. 

Pipe may be cut off in a machine with a cutting-off tool, or by 
hand with a wheel pipe cutter, or with a hack saw. When cut 



Fig. 289. Counter-bored Fittings. 


by hand with a pipe cutter, the edge is almost always rough and 
tiirned in toward the centre, thus reducing the area of the pipe. 
In such cases a pipe reamer should be used to remove the turned 
in edge and restore the full diameter of the pipe. I^Tien a hack 
saw is used the pipe should be revolved away from instead of to- 
ward the worker in order to avoid stripping the teeth from the saw. 


Putting Up Pipe, — The inaccuracies of “making up” render 
it undesirable to run piping without some means of allowing for 
differences in length. With screw fittings this ^ best done l)y 
means of elbows as shown in the simple case of Fig. 290. In case 
A the dimensions must be very exact to obtain good joints at x and 
y. In cases B and C the elbows aUow the flanges at x and y to 
meet squarely as the pipe can turn on the elbows and so be brought 
into hne. A small amount of lack of ahgnment can often be taken 
care of by a union. The bolt holes of flanges can allow a smafi 
amount of latitude if they are made Vs mch larger than the bo s. 
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This of course would not apply to recessed flanges of any kinc 
Unions, or right and left couplings should always be placed i 
such positions that piping can be disconnected without takin 
down a long line of piping. Tees and plugs used instead of elbo^ 
make it easy to take off new branch lines should they be necei 
sary. Valves are both a convenience and a nuisance. The 
should be used where necessary but not promiscuously, for the 
offer resistance to flow and must be kept in repair. Sometime 
steam pipe is cut short in order to decrease the strain due i 
expansion. In such cases allow one half the change in length di; 
to expansion and spring the pipe into place. This will be relieve 
when the pipe is heated and there will be only one half as muc 




Fig. 290. Putting Up Pipe. 


strain as there otherwise would be. When long pipe coils a 
used for heating there should be allowance for expansion — 1 
the pipe slide on supports and leave room at the end betwe( 
the coil and the building wall. Provide unions for convenien 
in disconnecting, especially near valves. Piping should be a 
ranged so that repairs can be conveniently made; so that uni 
can be readily cut out; and, so that various necessary combin 
tions can be made in times of accident or repairs. 

Pipe Dopes. — There are a numl^er of prepared pipe dop 
which may be used for making tight pipe joints l)y smearing ( 
flange faces or on pipe threads. For most purposes flake graphi 
and oil is one of the best dopes, as joints made with it can I 
taken apart. A mixture which is suitable for either steam 
water pipes is composed of 10 pounds of finely ground ycllc 
ochre; 4 pounds of ground litharge; 4 pounds of whiting; an 
V 2 pound of finely cut hemp; all of which is mixed with linse( 
oil until it is about the consistency of putty. Wliite lead ai 
red lead are also used. For permanent joints, red lead makes 
tight joint which is satisfactory. A mixture for ammonia pi] 
joints is composed of litharge and glycerine mixed up in srnj 
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quantities for each joint. As this substance sets very quickly, 
a joint made with it should not be changed. 

Gaskets. A great many materials are in use for maintaining 
tight joints between pipe flanges. In addition to selecting the 
proper materials for the fluid to be transmitted or the temperature 
to be withstood, the proper design of the flanges is very important. 
Rough or uneven surfaces are difficult to make tight with any 
substance. Bolts should be uniformly spaced and not too far 
apart for the thickness of flange. Water hammer and vibration 
are other frequent causes of leaky 
joints. With good true surfaces 
which are parallel, thin packing 
material may be used. Under such 
conditions a good quality of paper 
soaked in oil is suitable. In some 
plants, used drawing paper is kept 
and made into gaskets. Sheet rub- 
ber, with either cloth or wire inser- 
tion rtiay be used for water or for 
saturated steam, the wire insertion 
being Ix^tter for high pressures. 

Suc-h packings may be had in sheets 
with thicknesses of from V 32 inch up to V 4 inch. Rough or un- 
even flanges r(K|uire a thick packing. These expose a greater area 
to pressure than thin ones, and are, therefore, undesirable. For 
high pr(\ssur(i steam or water, or superheated steam, gaskets may 
be made of asl)cstos, corrugated metal, or corrugated metal and 
asb(\st()s. (Corrugated steel makes a gasket suitable for super- 
h(‘at(Hl si;eam. Fig. 291 shows a Goetze's corrugated copper 
gasket, with asl)estos lining. Such gaskets are made in a large 
number of forms, suiting them to different purposes. For am- 
monia, slieet lead is often used. Asbestos packing may be used 
for acids, ammonia, or oils. 

When rul)l)er gaskets are used they can be prevented from 
sticking if the flanges are treated with plumbago, pulverized 
soai)stone or chalk. The joint can then be broken and the gasket 
removed whole and used over again. 

A full face gasket is one which extends over the whole face of 
the flange, Fig. 292; a ring gasket is one which fits inside of the 
bolts, Fig. 293. It is well to have the hole through the gasket 



Fig. 291. Copper and Asbestos 
Gasket. 
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slightly larger in diameter than the pipe as some! kiiiclH of gi^kets 
spread when tightened or after use, and so cle(trc»:is<! flit^ size of the 
opening. Gaskets of rubber or asbestos may Ik* coif by placing 
the sheet on the flange and striking around If it! edgt\s witli a 
hammer. The bolt holes can be cut in the same* niaiiiier with a 
ball peen hammer. When a gasket has b(H*n pul in |jlac*e tlie 
flanges should be drawn together by tightening up t la* ImlfH luii, 
formly — lightly at first, and then going oven* them again until 
they are all under the same tension. Gra|>hite and oii placed on 



Fig. 292. Full Face Gasket. Fig. 2tKk liiai/, < 


the bolt threads will make them easier to take down avaiu when 
necessary. 

Valves. — The importance of valv(‘s sIioiiM hr ftilh ivali/.-,i 
when piping is being assembled, as (hey are (he ii.eane.,,' 
for the system. For this reason thc^y sIk.uM 1..* e.nrefullv 
and cleaned out, lightwciglit valv(!.s .should !«• .■ivoi.l.-d and all 
valves should receive care in handling. I( is inip.-rtant (b'al 
steam hnes be thoroughly blown out aider ereeiien in urd.-r (o 
make sure that scale, iron fding,s, bit.s of niehd and ofh. r .,bi, r)s 
are removed. The valve scats shouhl (hen be ex.-unue d l.ef.,re 
cosmg to see that nothing has been deiio.sded on (iinn. I? uiue. 
times happens that valves are ruined by cuKing (.,o 
on the pipe and then screwing the pip,> (,,0 f.ar in(o tl..- u.lve 
allowmg It to come against the .seat. Valve seals m.av he onu.u 
out of place by holding the valve on (he <md f.urdie-, au.av fro„i 
the pipe to which it is being connected. When a vah e h a itn 
seat should be reground at once, lest it be dm:;;;::d\:!;:a;:j ^ 
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Putting a wrench on the handwheel is a very poor way of attempt- 
ing to make a valve tight. 

Vibration and Support. — The question of vibration should be 
considered in connection with supports for piping. The use of 



Fig. 294. Pipe Supports. 


high velocities and small pipes makes it necessary to use care in 
the selection of supports or vibration with its consequent leak- 
ing joints will result. Other causes of vibration: too large steam 
pipes connected to an engine taking an intermittant supply from 
them, with the consequent surging of a large volume of steam; 
improper foundations for the machines to which the piping is 
connected. The distance between supports should generally be 
about 12 feet but this will 
vary with the kind of piping 
and number of valves and 
fittings. Supports should be 
provided near changes in di- 
rection, branch lines and par- 
ticularly near valves. The 
weight of piping should not be 
carried through valve bodies 
if they are to be kept tight. 

Expansion and contraction due 
to changes in temperature re- 
quire provision for movement 
of the piping. Hangers by 
which the pipe is suspended 
allow it to move freely but 
also admit of vibration being 
set up, especially where there 
are a number of changes in the direction of the hire. Some- 
times this vibration can be stopped by fastening one of the lengths 
of pipe. Various forms of brackets upon which the pipe can rest, 
free to move both lengthwise and sidewise ai'e more satisfactory 
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in preventing vibration. Rollers may be provided for the pipe 
to rest upon, either with hanging or bracket supports. Several 
forms of supports are shown in Figs. 294 and 295. 

Expansion. — The expansion and contraction of pipe under 
changes in temperature produce severe stresses unless amply 







Fig, 296. Pipe Bends, 
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provided for. There are several ways of doing this. The general 
method when the line is not too long is by means of expansion 
bends, depending upon the elasticity of the pipe for the necessary 
movement. Several forms of bends are shown in Fig. 296 and the 
ordinary dimensions are given in Table 89. 


TABLE 88 (Fig. 295 ) 
Ckanb Pipe Brackets 


Size of Pipe 
will Support 
Inches 

Safe 

Load 

Tons 

A 

Inches 

B 

Inches 

C 

Inches 

D 

Inches 

E 

Inches 

F 

1 Inches 

G 

Inch^ 

5 to 8 

1 

25 

12 

34 

6V2 

6 

1V4 

8V2 

9 to 14 

2 

30 

14 

40 

6 

6 

IVs 

9 

15 to 18 

3 

34 

16 

45 

672 ! 

6 

FA 

974 

20 to 24 

4 

40 

19 

5IV2 

7 

6 

FA 

llVs 

20 to 30 

Si)ecial 

4478 

19 

64 

7 

6 

IVs 

127, 


TABLE 89 (Fig. 296 ) 
Lap-welded Steel Pipe Bends 


A-B-C 
Advisable 
Radius of 
Bends 

Inches 

D 

Centre to End 
or Pace of 
Flanges 

Ft. — Ins. 

E 

Length of 
Straight 
Pipe on 
each Bend 

Inches 

F 

Centre of 
Bends to Face 
of Flanges 

Ft. — Ins. 

1272 

0 - 9 Vi« 

4 

1-4V2 

15 

0-1074 

4 

1-7 

1772 

1-074 

5 

1-10V2 

20 

1-174 

5 

2-1 

227 s 

l- 37 i« 

6 

2-472 

25 

1-478 

6 

2-7 

30 

l- 7 Vio 

7 

3-1 

35 

1-1078 

8 

3-7 

40 

2 -lVi» 

9 

4r~l 

45 

2 - 57 s 

11 

4-8 

50 

2-8V4 

12 

5—2 

GO 

3-278 

14 

6-2 

70 

3-9 

16 

7-2 

75 

3 - 117 i 6 

16 

7-7 

80 

4-378 

18 

8-2 

108 

5-274 

18 

10-6 

120 

5-774 

18 

11-6 

132 

O-OVs 

18 

12-6 

144 

6-578 

18 

13-6 


Wiaso of 
Pipe 


Tnch<^H 


2>A 

3 

3 ‘A 

4 

4V2 

5 

6 

7 

8 
9 

10 

12 

14 

IT) 

10 

18 

20 

22 

24 


Minimum 
ladius to which 
Bends can be 
made from 
Extra Strong 
Pipe Only- 
Inches 


7 

8 
10 
12 

14 

15 
20 
24 
28 
35 
40 
50 
65 
70 
78 
88 

104 

132 

144 
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When screwed fittings are used and the pressures are not too 
high, expansion may be taken care of by allowing the pipe to turn 
on the threads as shown in Fig. 297. A swivel joint, Fig. 298, 
may be used with flanged fittings to allow for expansion. The 
change in length is allowed for by a turning movement at the 
two swivels which are packed the same as any gland stuffing box. 
This turning movement is easier to keep tight than a shding move- 



Fig. 297. Expansion Bends, with Screwed Fittings. 


ment. They are made by the Walworth Company of cast iron 
with brass bearings for steam pressures up to 250 pounds, and of 
cast steel with Monel metal bearings for 350 pounds pressure 
and 800 degrees F. total temperature. Another method, when 
bends or angles cannot be used, is to provide an expansion joint. 
One form is shown in Fig. 299. Tie bolts should always be pro- 
vided so that the joint cannot pull apart from any cause. The 
body is usually made of cast iron and the sleeve of brass. Some 
dimensions of expansion joints are given in Table 90. Diaphragm 
joints are sometimes used for low pressures. A joint using a 
copper shell and made for pressures up to 25 pounds is shown in 
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Pig. 300. Other forms of expansion joints are shown in the 
chapter on Exhaust Piping (Chapter X). 

TABLE 90 (Fig. 300) 


Extea Heavy Expansion Joints 


Size 

Inches 

Traverse 

Inches 

End to End 
Screwed . 
Inches 

End to End 
Flanged 
Inches 

Size 

Inches 

Traverse 

Inches 

End to End 
Screwed 
Inches 

End to End 
Flanged 
Inches 

2 

2V2 

ISVa 

151/2 

8 

7 

303/4 

3IV2 

2V2 

2V2 

15'Vi6 

16 

9 

7 

313/4 

313/» 

3 

274 

1678 

17V8 

10 

7 

323/4 

333/h 

37-2 

3 

18 

181V16 

12 

8 

CO 

37"/i8 

4 

374 

1878 

19‘A 

14 

10 


43 

5 

4 

2178 

22V8 

15 

10 


43'/« 

6 

5 

2478 

253/4 

16 

10 


45 

7 

6 

2778 

28V2 

18 

10 


40V8 


Whatever method is used the pipe should be anchored or fas- 
tened at suitable places to make sure that the movement will 
occur where it has been designed to take place. The expansion 
usually provided for saturated steam is from two to three indues 
per 100 feet of length. The increase in length for 100 fcKd- of 
steel pipe for various ranges in temperature may be found from 
Fig. 301. 

Pipe Bends. — For high pressure steam plants long radius 
bends made of steel pipe are generally used in place of ellxiws. 
These bends reduce friction and allow the pipe to exiiand anci 
contract. 

As will be seen by reference to Fig. 296, bends arc made pur- 
posely for expansion and other requirements. 

Extensive tests with various types of bends in several sizes and 
weights of pipe to determine their relative value have been madcs 
by Crane Company and are fully reported in The Valve World, 
October, 1915, from which the following is quoted: 

These tests were made with Full Weight and Extra KStrong 
Quarter Bends, 'U’ Bends, Expansion 'U' Bends, and Built-up 
Bends placed in lines representing the ordinary installation, Ixdng 
anchored at one end and carried on roller supports so that thu 
strains due to expansion and contraction were properly directed 
to the bend. 
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“The bends were then extended and compressed repeatedly 
until something failed. These tests were made with the line cold 
and also under steam pressure. In this manner the safe allow- 
able movements of bends were determined. 

“Combining practical experience, tests, and the formula, it is 
found that a 180° or Bend has twice the expansive value of 



Fig. 301. Curve Showing Expansion of Pipe for Variation in 
Temperature. 


a 90° or Quarter Bend of the same size and radius, and an Expan- 
sion Bend four times the expansive value of a Quarter Bend 
or twice that of a ‘U’ Bend. A Double Offset Expansion ‘U’ 
Bend has five times the expansive value of a Quarter Bend, two 
and one half times that of a 'U' Bend and one and one-fourth 
times that of an Expansion Bend. 

“A battery of Expansion 'U’ Bends connected to large headers 
or manifolds is often used. This method occupies less space and 
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allows of a greater movement than with a single pipe bend of 
ordinary construction. However, care must be exercised in the 
design of this type to provide sufficient area. 

“We present herewith the expansive value of Quarter Bends 
of various pipe sizes and radii, Table 91. 


TABLE 91 

Safe Expansion Values op 90° or Quarters Wrought Steel Bends ik 

Inches 


Mean Radius of Bend {in inches) 


Sizes 

12 

15 

20 

30 

40 

50 

60 

70 

. 80 

90 

100 

110 

120 

1 

V4 

Vs 

Vs 

IVs 

3Vs 









2 

Vs 

Vs 

Vs 

1 

IVs 

2 V 4 

SVs 

5Vs 






2 V 2 


Vs 

Vs 

Vs 

i‘A 

2Vs 

SVs 

41/2 

5Vs 





3 


•Vs 

Vs 

Vs 

IVs 

IVs 

SVs 

SVs 

4Vs 

6 




31/2 



Vs 

Vs 

1 

IVs 

2Vs 

SVs 

4V8 

5Vs 




4 



Vs 

Vs 

1 

IV 2 

2 

2V8 

3V4 

4Vs 

5V4 



4 V 2 




Vs 

Vs 

IVs 

IVs 

2 V 2 

3Vs 

4Vs 

5Vs 



5 




Vs 

Vs 

IVs 

IVs 

2 V 4 

3 

3Vs 

4V8 

SVs 


6 




Vs 

Vs 

1 

IVs 

IVs 

2 V 2 

3Vs 

SVs 

4Vs 

SVs 

8 





Vs! 

Vs 

1 

1 V 2 

IVs 

2 V 2 

3 

3V8 

4V8 

10 





Vs 

Vs 

IVs 

IV 2 

2 . 

2V8 

2Vs 

31/2 

12 





... 

Vs 

1 

IVs 

iVs 

2 

2 V 2 

2Va 

14 





... 


Vs 

1 . . . 

IVs 

IVs 

iVs 

2V8 

2 V 2 

15 




' 

. . . ! 



1 

IVs 

IVs 

2 

2 Vs 

16 









Vs 

IVs 

1 V 2 

IVs 

2 V 4 

18 









IVs 

IVs 

20 












IVs 









■ • ' 






Bends have twice the above expansive value. 

“Expansive Bends have four times the above expansiv( 
value. 

“Double Off-set Expansion Bends have five times th( 
above expansive value. 

“An important factor to be considered either when laying ou 
or ordering pipe bends is the weight of the pipe to use. Afte 
having obtained the required size, radii of bend, and the workini 
pressure the bend is to be subjected to, the weight of the pipe i; 
the next determination. Based on wide experience in bendini 
pipe and elaborate tests, we recommend the thickness of pipe a 
follows (Table 92). 
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TABLE 92 

Thickness of Pipe for Various Bends 
Up to 125 Pounds Working Pressure 125 to 250 Pounds Working Pr^ure 
DiaXML. of Pipe Thick, of Pipe Diam. of Pipe I Thick, of Pipe 


Hadius 4 to 5 Diameters 


Diam. of Pipe j Thick, of Pipe 
Radius 4 to 5 and 6 Diameters 


7" axid smaller 

8" and larger 

Extra strong 

V/ thick 

7" and smaller 

8" and larger 

Extra strong 
thick 

Badius over 

5 Diameters 

Radius over 6 Diameters 

7" and smaller 

8" 

10" 

12" 

14" to 16" inclusive 
18" to 22" 

24" to 30" 

Full weight 

28.55 lbs. per ft. 
48.48 

49.56 '' '' 
s/ie" thick 

Vs 

Vie 

7" and smaller 

8" 

10" 

12" 

14" to 16" inclusive 
18" to 22" 

24" to 30" 

Full weight 

28.55 lbs. per ft. 

40.48 “ “ “ 

49.56 “ “ 

Vs^ thick 

Vie " 

“ 


250 to 350 Pounds, Working Pressure 
Radius 4 Diameters and over 


7" and smaller 

Extra strong 

8" and larger 

V/ thick 


Bonding Pipe. — In the factory pipe is heated and bent to the 
desired form on a bending floor. Small piping can be bent with- 
out crushing by screwing a cap on one end and filling with meltec 



302. Pipe Bending 
Form. 



Fig. 303. Bending Small Pipe. 


rosin, allowing the rosin to cool and then bending, after whic] 
the rosin may be melted out. Sand is sometimes used for th 
same purpose. There are a number of devices made to assist i 
bending pipe, one form being shown in Fig. 302. . Small pipe ca 
often be bent by using two tees as shown in Fig. 303. 
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A pipe bending machine for use where a large amount of pipe 
is to be bent is shown in Fig. 304. With this machine iron or 
brass pipe up to two inches diameter can be bent cold. The 



geared sector which moves the quadrant is operated by a pinion. 
This pinion is turned by a pilot wheel, 50 inches in diameter. 
Quadrants are regularly made as follows: 

Size of pipe, inches V 2 1 IV 4 IV 2 2 

Radius of bend, inches 4 5 6 9 12 14 



Nozzles. — Nozzles are used to make the connection between 
the pipe line and the boiler or for connecting a steam drum to the 
boiler, Figs. 305 and 306. When made of cast iron or cast steel 
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the dimensions of the upper flange, bolts, thickness of walls, etc., 
may be made the same as the American Standard. The height 
D varies from 5 to 16 inches depending upon the size of the outlet. 
Pressed steel nozzles are stronger and lighter than cast nozzles. 
As shown in Fig. 306 
the body is pressed 
out of Vs inch flange 
steel and the upper 
flange from IV 4 inch 
flange steel. The 
flange is connected to 
the body by expand- 
ing the metal of the 
body under hydrauhc 
pressure into a groove 
turned in the flange. 

The joint is tight un- 
der a pressure of 1500 
pounds per square inch. 

Pipe Saddles. — 

Steam pipe saddles 





H 


Fig. 307. Pipe Saddle. 


for making connections to wrought iron pipe are made as shown 
in Fig. 307. These are convenient for use in adding to existing 
pipe hnes, and may be arranged so that they can be put in 
place upon pipes under pressure. The boss is made of malleable 
iron and the straps of wrought iron. The combinations of pipe 
and branches are shown in Table 93. 


TABLE 93 (Fig. 307) 


Pipe Sad 3 >les 


Size of 

Tapped for 

Size of 

Tapped for 

Pipe. 

Pipe. 

Pipe. 

Pipe. 

Inches 

Inches 

Inches 

Inches 

iVii 

V 2 and V 4 

6 

2 V 2 to 4 

2 

V 2 to IV 2 

7 

1 to 4 

2 V 2 

’A to IV 2 

8 

1 to 4 

3 

3/4 to 2 

9 

IV 2 to 4 

3V2 

V 4 to 2 

10 

j IV 2 to 4 

4 

V 4 to 2 

10 

41/2 to 6 

41/2 

V 4 to 2 

12 

IV 2 to 4 

5 

V 4 to 2 

12 

4 V 2 to 6 

5 

2 V 2 and 3 

15 

3 to 6 

6 

V 4 to 2 

16 

3 to 6 
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Supporting Large Thin Pipe. — Large lead pipe and fittings 
for acid and other work may be made up from sheets of lead by 
forming from developed patterns, and burning the edges together. 
The supports for such piping should be arranged to carry the 

upper as well as the lower 




n 

A 



1 ifonSuppo/’^ 

w 


□ 


Fig. 308. Supporting Large Lead Pipe. 


half of the pipe. Thinness 
of material makes this 
necessary. Fig. 308 shows 
such a support with the 
two halves of the iron 
ring bolted together and 


a strip of lead burned over the upper half, thus holding the 
shape of the pipe. 

Flexible Metal Hose. — For many purposes a flexible pipe con- 
nection is desirable, such as for blowing boiler tubes, operating 
steam or air drills, temporary steam, air, oil, or gas lines, for oil 
feed piping, connections to moving parts of machines and similar 
services. For such uses metal hose may be had which will give- 
good results if handled with proper care. A section of hose made 
by the American Metal Hose Company is shown in Fig. 309. It 
is made from a continuous 
strip of high tensile strength 
phosphor bronze, which is 
' wound spirally over itself and 
made pressure tight by means 
of a special prepared asbestos 
cord that is fed into place be- 
tween the metal surfaces dur- 
ing the winding operation. 

This hose is also made of steel 
which is somewhat stronger 
than bronze and is preferred 
for superheated steam and 
where subject to hard usage. 

Information concerning 



Fig. 309. Metal Hose. 


American'' bronze metal hose is given in Table 94. Sizes are 
specified by the inside diameter. 

Aluminum Piping and Tubing. — Aluminum tubing is specified 
by outside diameter and thickness of wall. The tables and in- 
tormation in this article are from the catalog of the Aluminum 
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TABLE 94 

Sizes and Dimensions of Metal Hose 


Bronze 

Hose 

Approx. 

bending 

diameter 

Weight 
per foot 
in lbs. 

Bronze 

Hose 

Approx. 

bending 

diameter 

Weight 
per foot, 
in lbs. 

Diam. 

Diam. 

74" 

4" 

.11 

IV/ 

22 " 

1.75 

Vs 

5" 

.25 . 

2 " 

26" 

2.65 

V/ 

7 /, 

.35 

2 V 2 " 

32" 

3.15 

V." 

12 " 

.80 

3" 

38" 

4.50 

1" 

14" 

1.00 

4" 

44" 

5.70 

iv." 

18" 

1.50 

6 " 

56" 

9.00 


Steel hose is approximately 10 % lighter than bronze 


Company of America. Table 95 gives the outside diameter and 
several waU thicknesses for aluminum tubing. The safe pressure 
may be figured by formula 2 Chapter II. The allowable unit 
stress when the temperature is less than 100 degrees Centigrade 
is given as follows: 

Pure aluminum (cast) 5000 lbs. per sq. inch 

Special casting alloy (cast) 5000 to 6000 lbs. per sq. inch 

No. 12 casting alloy (cast) 6000 to 8000 

Pure aluminum tubing (made from sheet) 6000 to 8000 

3S aluminum tubing (made from sheet) 8000 to 10000 

When the temperature is more than 100 degrees Centigrade the 
above values should be halved and when more than 200 degrees 
Centigrade aluminum should not be used under pressure. 

Aluminum tubing up to IV 2 inches outside diameter can be 
made by extrusion in almost any desired length. Such continu- 
ous lengths have an especial advantage for condensing coils for 
chemical works as the entire coil can be made from a single piece 
without joints. 

Seamless drawn aluminum tubes are also made to the same 
dimensions as standard wrought pipe. The weight of aluminum 
pipe when made to iron pipe sizes is given in Table 96. Such 
piping can be used with iron fittings, but aluminum fittings can 
be had in most pipe sizes and are preferable as being less hable to 
induce galvanic action, than when the fitting is made of another 
metal. 

Brass and Copper Tubing. — The outside diameter is generally 
used in specifying brass or copper tubing. The thickness may be 
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TABLE 96 


Weight of Aluminum Pipe foe Ieon Pipe Sizes 


Same as 
Iron, Size 

Outside 

Diameter 

1 

Inside 

Diameter 

Weights per 
foot 

Aluminum lbs. 

Vs 

.405 

.270 

.083 

'A 

.540 

.364 

.145 

Vs 

,675 

.494 

.193 

Vs 

.840 

.623 

.290 

V* 

1.050 

.824 

.387 

1 

1.315 

1.048 

.577 

I'A 

1.660 

1.380 

.777 

IVs 

1.900 

1.611 

.928 

2 

2.375 

2.067 

1.24 

2V2 

2.875 

2.468 

1.98 

3 

3.500 

3.067 

2.59 

3Vs 

4.000 

3.548 

3.11 

4 

4.500 

4.026 

3.69 


given in Stul)B^ g^^uge or B. and S. gauge, but more commonly the 
former is UBcd. Almost any combination of diameter and thick- 
ness nniy be ol)taincd. The Handbook of Seamless Tubing of the 
Briclg;(^port BrasKS Company gives very complete tables and 
information. 

Boiler Tubes. — The dimensions of standard lap-welded steel 
or charcioal iron boiler tubes are given in Table 97. The size of 
tube is spe(nfi(^(l by the outside diameter. 


I'AIILE 97. — Standard Boiler Tubes 


( )lltHi<l<5 

Thick- 

ThickncHH 

Nominal 

Outside 

Thick- 

Thickness 

Nominal 

I>iainet<^r. 

ncHH. 

Nean'Ht 

Weight 

Diameter, 

ness. 

Nearest 

Weight 

I neh<^a 

Tn<*lu‘H 

H.W.(J. 

p(‘r Foot, 

Inches 

Inches 

B.W.G. 

per Foot 

I'A 

.095 

13 

l.K) 

4 

.134 

10 

5.53 

l ‘/2 

.095 

13 

1.42 

4>A 

.134 

10 

6.25 


.095 

13 

1.68 

5 

.148 

9 

7,67 

2 

.095 

13 

1.93 

6 

.165 

8 

10.28 

274 

.095 

13 

2.18 

7 

.165 

8 

12.04 


.109 

12 

2.78 

8 

.165 

8 

13.81 

274 

.109 

12 

3.07 

9 

.180 

7 

16.95 

3 

.109 

12 

3.36 

10 

.203 

6 

21.24 

374 

.120 

11 

4.01 

11 

.220 

5 

25.33 

37-4 

.120 

11 

4.33 

12 

.229 

41/2 

28.79 

374 

.120 

11 

4.65 
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Color System to Designate Piping. — For convenience in dis 
tinguishing pipe systems various methods have been devised, fo; 
using different colors on the pipes. The A. S. M. E. standarc 
markings are given in Vol. 33 of the Transactions, from which thi 
following is abstracted: ^^In the main engine rooms of plant! 
which are well lighted and where the functions of the exposec 
pipes are obvious, all pipes shall be painted to conform to th( 
color scheme of the room, and if it is desirable to distinguish pipi 
systems, colors shah, be used only on flanges and on valve fitting 
flanges. 

In all other parts of the plant, such as boiler house, basements 
etc., all pipes (exclusive of valves, flanges and fittings) excep 
the fire system, shall be painted black, or some other single, plain 
durable, inexpensive color. 

All fire lines (suction and discharge) including pipe Hnes, valv' 
flanges and fittings, shall be painted red throughout. 

The edges of all flanges, fi.ttings or valve flanges on pipe lines 
larger than 4 inches, inside diameter, and the entire fittings valve 
and flanges of lines 4 inches inside diameter and smaller, shal 
be painted the following distinguishing colors: 

Distinguishing Colors to be used on Valves, 

Flanges and Fittings 

Steam Division 

High pressure — white 
Exhaust steam — buff 
Water Division 

Fresh water, low pressure — blue 

Fresh water, high pressure, boiler feed lines — blue and white 
Salt water piping — green 
Oil Division 

Delivery and discharge — brass or bronze yellow 
Pneumatic Division — all pipe gray 
Gas Division 

City Lighting Service — aluminum 
Gas Engine Service — black, with red flanges 
Fuel Oil Division — all piping black 
Refrigerating System 

Flanges and fittings — white and green stripes, alternately 
Body of pipe — black 
Electric Dines and Feeders 

Flanges and fittings — black and red stripes, alternately 
Body of pipe — black 


CHAPTER XVI 
PIPING INSULATION 

Pipe Coverings. — The importance of providing suitable insula- 
tion or covering for steam pipes is well known. The loss due to 
radiation with bare pipes is about 3 B.t.u. per square foot of 
surface, per degree difference in temperature between steam and 
air, per hour. With a good covering about one inch thick from 
80 to 90 per cent, of this loss can be saved. Some points to be 
considered in the selection of a pipe covering are as follows: the 
material should not carbonize after being in contact with a hot 
surface; the material should be fireproof; the material should not 
lose its shape after being in use; the material should not contain 
sulphate of lime or any other substance which might corrode the 
pipe; the life of the material; the thickness of the material; the 
value of the coal saved by use of the material; the cost of the 
material; with superheated steam it is especially necessary that 
the material contain no organic substances — magnesia and 
similar materials are desirable; the material should not loosen 
or disintegrate under vibration. The losses with small pipes are 
greater than with large ones (relatively). The thickness of ma- 
terial should be between one and two inches. Flanges, valves, 
etc., should be covered as well as pipes. 

Tests on Pipe Coverings. — A valuable series of tests on 26 
coverings by L. B. McMillan is described in the Journal of the 
A. S. M. E., January, 1916. Very complete data is given, and 
the interested reader is advised to secure the complete paper. 
The following is abstracted. The tests were made on a 16-foot 
section of 5-inch pipe. Table 98 gives the B.t.u. losses for the 
bare pipe and for various kinds of coverings. 

Sectional moulded coverings can be obtained for flanges and 
valves and are especially advisable when the coverings may 
have to be removed. The material to be used and the exterior 
covering or casing will be influenced by the location of the 
piping. Low pressure steam, hot and cold pipes all require 
separate consideration. 
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TABLE 98 


Data on Efficiencies fob Single Thickness Coveeinqs 


Cov- 

ering 

No. 

Kind of 
Covering 

Tempera- 
ture Dif- 
ference 
(Pipe and 
Room) 

Actual 

Tempera- 

ture 

(Room = 
80 deg. 
Fahr.) 

B.t.u. Loss /Sq. ft./ 
Deg. Temperature 
Difference/Hr. 

B.t.u. 
Saving 
Due to 
Covering 
/Deg./ 
Sq. Ft./ 
Hr. 

Efficienc: 
of Cover- 
ing — Pe 
Cent. 

Bare 

Pipe 

Covered 

Pipe 



50 

130 

1.950 

0.435 

1.515 

77.7 



100 

180 

2.152 

0.438 

1.714 

79.6 

I 

J-M 85% 

200 

280 

2.665 

0.446 

2.219 

83.3 


Magnesia 

300 

380 

3.260 

0.455 

2.805 

86.1 



400 

480 

4.035 

0.469 

3.566 

88.4 



500 

580 

5.180 

0.488 

4.692 

90.6 



50 

130 

1.950 

0.472 

1.478 

75.6 



100 

180 

2.152 

0.483 

1.669 

77.6 

II 

J-M 

200 

280 

2.665 

0.309 

2.156 

80.9 


Indented 

300 

380 

3.260 

0.549 

2.711 

83.2 



400 

480 

4.035 

0.603 

3.432 

85.1 



500 

580 

5.180 

0.666 

4.514 

87.1 



50 

130 

1.950 

0.626 

1.324 

67.9 



100 

180 

2.152 

0.654 

1.498 

69.6 

III 

J-M 

200 

280 

2.665 

0.715 

1.950 

73.2 


Vitribestos 

300 

380 

3.260 

0.781 

2.481 

76.0 



400 

480 

4.035 

0.856 

3.177 

78.8 



500 

580 

5.180 

0.967 

4.213 

81.4 



50 

130 

1.950 

0.440 

1.510 

77.4 


J-M 

100 

180 

2.152 

0.451 

1.701 

79.0 

IV 

Eureka 

200 

280 

2.665 

0.464 

2.201 

82.6 



300 

380 

3.260 

0.478 

2.782 

85.4 



350 

430 

3.627 

0.487 

3.140 

86.6 



50 

180 

1.950 

0.517 

1.433 

73.4 


J-M 

100 

180 

2.152 

0.522 

1.630 

75.8 

V 

Molded 

200 

280 

2.665 

0.539 

2.126 

79.8 



300 

380 

3.260 

0.561 

2.699 

82.8 



400 

480 

4.035 

0.596 

3.439 

85.2 



50 

130 

1.952 

0.386 

1.564 

80.2 


J-M 

100 

180 

2.152 

0.400 

1.752 

81.4 

VI 

Wool-Felt 

200 

280 

2.665 

0.421 

2.244 

84.2 



300 

380 

3.260 

0.442 

2.818 

86.4 



350 

430 

3.627 

0.453 

3.174 

87.6 
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TABLE 98 {Continued) 


Cov- 

ering 

No. 

Kind of 
Covering 

Tempera- 
ture Dif- 
ference 
(Pipe and 

Actual 

Tempera- 

ture 

(Room = 

B.t.u. Loss 
Deg. Tent] 
Differen 

;/Sq. Ft./ 
iperature 
■ce/Hr. 

B.t.u. 

Saving 
Due to 
Covering 
/Deg. / 

Efficiency 
of Cover- 
ing — Per 



Room) 

80 deg. 
Fahr.) 

Bare 

Pipe 

Covered 

Pipe 

Sq. Ft./ 
Hr. 

Cent. 



50 

130 

1.950 

0.409 

1.541 

79.0 



100 

180 

2.152 

0.427 

1.725 

80.2 

VII 

Sall-Mo 

200 

280 

2.665 

0.464 

2.201 

82.6 


Expanded 

300 

380 

3.260 

0.503 

2.757 

84.6 



400 

480 

4.035 

0.541 

3.494 

86.6 



500 

580 

5.180 

0.581 

4.599 

88,8 



50 

130 

1.950 

0.358 

1.592 

81.6 



100 

180 

2.152 

0.378 

1.774 

82.4 

VIII 

Carey 

200 

280 

2.665 

0-421 

2.244 

84.2 


Carocel 

300 

380 

3.260 

0.466 

2.794 

85.7 



400 

480 

4.035 

0.510 

3.525 

87.4 



500 

580 

5.180 

0.562 

4.618 

89.2 



50 

130 

1.950 

0.454 

1.496 

76.7 



100 

180 

2.152 

0.468 

1.684 

78.2 

IX 

Carey 

200 

280 

2.665 

0.506 

2.159 

81.0 


Serrated 

300 

380 

3.260 

0.546 

2.714 

83.3 



400 1 

480 

4.035 

0.587 

3.448 

85.4 



500 

580 

5.180 

0.634 

4.546 

87.8 



50 

130 

1.950 

0.423 

1.527 

78.3 



100 

180 

2.152 

0.447 

1.705 

79.2 

X 

Carey 

200 

280 

2.665 

0.49S 

2.167 

81.3 


Duplex 

300 

380 

3.260 

0.548 

2.712 

83.2 


350 

430 

3.627 

0.574 

3.053 

84.2 



50 

130 

1.950 

0.413 

1.537 

78.8 



100 

180 

2.152 

0.418 

1.734 

80.5 

XI 

Carey 85 % 

200 

280 

2.665 

0.424 

2.241 

84.1 


Magnesia 

300 

380 

3.260 

0.436 

2.824 

86.6 


400 

480 

4.035 

0.454 

3.581 

88.8 



500 

580 

5.180 

0.472 

4.708 

90.9 



50 

130 

1.950 

0.395 

1.555 

79.8 



100 

180 

2.152 

0.401 

1.751 

81.4 

XII 

Sall-Mo 

150 

230 

2.400 

0.421 

1.979 

82.5 

Wool-Felt 

200 

280 

2.665 

0.433 

2.232 

83.8 


250 

330 

2.951 

0.455 

2.506 

84.9 



300 

1 380 

3.260 

1 0.459 

2.801 

85.9 
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TABLE 98 {Continued) 


Cov- 

ering 

No. 

Kind of 
Covering 

Tempera- 
ture Dif- 
ference 
(Pipe and 
Room) 

Actual 

Tempera- 

ture 

(Room = 
80 deg. 
Fahr.) 

B.t.u. Loss/Sq. Ft./ 
Deg. Temperature 
Difference/Hr. 

B.t.u. 
Saving 
Due to 
Covering 
/Deg./ 
Sq. Ft./ 
Hr. 

EflSlcie: 
of Co\ 
ing — : 
Cent 

Bare 

Pipe 

Covered 

Pipe 



50 

130 

1.950 

0.399 

1.551 

79.i 



100 

180 

2.152 

0.402 

1.750 

81.: 

XIII 

Nonpareil 

200 

280 

2.665 

0.412 

2.253 

84.( 


High 

300 

380 

3.260 

0.426 

2.834 

68.< 


Pressure 

400' 

480 

4.035 

0.444 

3.591 

89.( 



500 

580 

5.180 

0.465 

4.715' 

91.( 



50 

130 

1.950 

0.694 

1.256 

64.^ 



100 i 

180 

2.152 

0.711 

1.441 

1 67.( 

XIV 

J-M 

200 

280 

2.665 

0.749 

1.916 

71.i 


Fire Felt 

300 

380 

3.260 

0.795 

2.465 

75.( 



400 

480 

4.035 

0.845 

3.190 

79.( 



500 

580 

5.180 

0.901 

4.279 

82.1 



50 

130 

1.950 

0.336 

1.614 

82.' 



100 

180 

2.152 

0.347 

1.805 

83.J 

XV 

J-M 

200 

280 

2.665 

0.369 

2.296 

86.! 


Sponge 

300 

380 

3.260 

0.391 

2.869 

88.1 


Felted 

400 

480 

4.035 

0.414 

3.621 

89.1 



500 

580 

5.180 

0.439 

4.741 

91.; 



50 

130 

1.950 

0.418 * 

1.532 

78., 



100 

180 

2.152 

0.429 

1.723 

80.1 

XVI 

J-M 

200 

280 

2.665 

0.454 

2.211 

83.1 


Asbestocel 

300 

380 

3.260 

0.493 

2.767 

84.: 



400 

480 

4.035 

0.544 

3.491 

86., 



500 

580 

5.180 1 

' 0.609 

1 

4.571 

88.: 



50 

130 

1.950 

0.459 

1.491 

76. 



100 

180 

2.152 ! 

0.475 

1.677 

77: 

XVII 

J-M 

200 

280 

2.665 

0.515 

2.150 

80. 


Air Cell 

300 

380 

3.260 

0.571 

2.689 

82. 



400 

480 

4.035 

0.643 

3.392 

84. 



500 1 

580 

5.180 

0.733 

4.447 

85. 


PIPING INSULATION 


293 


Table 99 gives data for various thicknesses of 85 per cent, 
magnesia. 

TABLE 99 

Data on Efficiencies for Various Thicknesses op 85 Per Cent. 
Magnesia Covering 


Tempera- 

ture 

Difference 

Thickness 

B.t.u./Sq. ft./Deg. Dif./Hr. 

Saving 

Efficiency 

Bare Pipe 

Plastic 85 
Per Cent. 
Magnesia 

Sectional 85 
Per Cent. 
Magnesia 

100 

0.5 

2.152 

0.735 

0.691 

1.461 

67.8 

100 

1.0 


0.492 

0.462 

1.690 

78.4 

100 

2.0 


0.319 

0.300 

1.852 

85.5 

100 

3.0 


0.248 

0.233 

1.919 

89.1 

100 

4.0 


0.209 

0.196 

1.956 

90.8 

100 

5.0 


1.185 

0.174 

1.978 

91.9 

300 

0.5 

3.260 

0.805 

0.757 

2.503 

76.8 

300 

1.0 


0.524 

0.493 

2.767 

84.9 

300 

2.0 


0.335 

0.315 

2.945 

90.4 

300 

3.0 


0.260 

0.244 

3.016 

92.5 

300 

4.0 


0.219 

0.206 

3.054 

93.7 

300 

5.0 


0.192 

1 0.181 

3.079 

94.4 

500 

0.5 

5.180 

0.895 

0.842 

4.338 

83.7 

500 

1.0 


0.557 

0.524 

4.656 

89.9 

500 

2.0 


0.350 

0.329 

4.851 

93.6 

500 

3.0 


0.273 

0.257 

4.923 

95.0 

500 

4.0 


0.229 

0.215 

4.965 

95.8 

500 

5.0 


0.199 

0.187 

4.993 

96.4 


The seventeen coverings listed in Table 83 are described as 
follows: 

I. J~M 85 Per Cent. Magnesia. A moulded sectional covering for use on 
high pressure steam pipes. Contains 85 per cent, by weight of magnesium 
carbonate and the remainder is principally asbestos fibre. Weight per foot 
is 2.92 lbs. and the thickness 1.08 in. 

II. J-M Indented. Made up of layers of asbestos felt which has in it 
indentations, about IV4 in. in diameter and Vs in. deep, spaced very close to 
each other in staggered rows. Suitable for use on pipes containing high pres- 
sure steam. Weight per foot 3.46 lbs. and thickness 1.12 in. 

III. J~M Vitrehestos. An asbestos air cell covering made of alternate 
layers of smooth and corrugated vitrified asbestos sheets. Corrugations are 
about V4 in. deep and run lengthwise of the pipe. Recommended for use on 
high pressure and superheated steam pipes and for stack linings, etc. Weight 
per foot 4.05 lbs. and thickness 0.96 in. 
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IV. J-M Eureka. For use on low pressure steam and hot water pipes 
Made of V 4 in. of asbestos felt on the inside of the section and the balanci 
of alternate layers of asbestos and wool felt. Weight 4.60 lbs. per ft. and 1.0^ 
in. thick. 

V. J-M Molded Asbestos. A molded sectional covering for use on low anc 
medium pressure steam pipes. Made of asbestos fiber and other fireproo 
material. Weight per ft. 5.53 lbs. and thickness is 1.25 in. 

VI. J-M Wool Felt. A sectional covering made of layers of wool felt witl 
an interlining of two layers of asbestos paper. May be used on low pressuri 
steam and hot water pipes. Weight per ft. 2.59 lbs. and thickness 1.10 in. 

VII. SalUMo Expanded. A covering for use in high and low pressure stean 
pipes. Made of eight layers of material, each consisting of a smooth and i 
corrugated piece of asbestos paper, the corrugations being so crushed dowi 
to form small longitudinal air spaces. Weight 3.47 lbs. per ft., and thicknesi 
1.07 in. 

VIII. Carey Carocel. Composed of plain and corrugated asbestos papei 
firmly bound together. Corrugations are approximately Vs in. deep and rui 
lengthwise of the pipe. For use on medium and low pressure steam pipes 
Weight 3.06 lbs. per ft. and thickness 0.99 in. 

IX. Carey Serrated. A covering for use on high pressure steam pipes 
Composed of successive layers of heavy asbestos felt having closely spacec 
indentations in it. Weight 5.66 lbs. per ft., and thickness 1.00 in. 

X. Carey Duplex. For use on low pressure steam and hot water pipes 
Made of alternate layers of plain wool felt and corrugated asbestos papei 
firmly bound together. Corrugations run lengthwise of the pipe and mak( 
air cells approximately V 4 in. deep. Weight 1.79 lbs. per ft. and 0.96 in. thick 

XL Carey 85 Per Cent. Magnesia. A covering for high pressure steam anc 
similar in composition to No. 1. Weight per foot 2.75 lbs. and thickness i; 
1.10 in. 

XII. SalUMo Wool Felt. Similar to No. VI except that it has no inter 
lining of asbestos paper. For use on low pressure steam and hot water pipes 
Weight per foot 3.73 lbs. and thickness is 1.01 in. 

XIII. Nonpareil High Pressure. A molded sectional covering consistini 
mainly of silica in the form of diatomaceous earth — the skeletons of micro 
scopic organisms. For use on high i)rcssure and superheated steam pipes 
Weight 2.96 lbs. per ft., and is 1.16 in. thick. 

XIV. J~M Asbestos Fire Fell. Consists of as})Cstos fiber loosely feltc( 
together, forming a large number of small air spa(;es. For use on high pres 
sure and superheated steam i)ipcs. Weight per ft. is 3.75 lbs., and thicknes 
0.99 in. 

XV. J-M Asbestos Sponge Felled. Covering is made from a thin fel 
asbestos fiber and finely ground sponge forming a very cellular fabric. Mad 
up of 41 of these sheets per inch thickness and air spaces are formed betwee: 
the sheets in addition to those in the felt itself. Specaally recommended fo 
high pressure and superheated steam pipes. Weight per foot 4.04 lbs. ani 
thickness 1.16 in. 

XVI. J-M Asbeslocel. For use on medium pressure steam and heatin 
pipes. Consists of alternate sheets of corrugated and plain asbestos pape 
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» cdk ■/. i.. top tta. run uuund tt. pip.- WeigM p.. 

ourrug.^^ 

piper ’^J'Sin prasure sttum md hating 

The reeulte of eAuustive tots 

are given in very complete form in a covering is corn- 

strong Cork and and asbestos fibre. These 

posed of diatomaceous ^ _ -i xy\fyU Pressure Covering 

Lts Aow«i the conductivity of (Hatae; 

per square foot at Ae mean “<? t.u. and the 

'er degree differ^ice in ^Le foot of 

transmission through bare pip +p.mnerature for 24 hours, 

pipe surface per degree J J and consequently 

^esetra„i«msaons -e~«dm^^^^^ 

are less than would jj?!, Pressure covering are 

foUowmg thicknesses of ^ ^ lig^d under average con- 

considered economical for P P gj^all 

ditions. Standard thickness , . p pressure 

sizes to IV2 inches for the large sizes of pipe. 6 

piping, inside of buildings. ^ — 

Superheated Steam 

IV 2 " thick 
2 '' thick 

Double layer IV 2 " 
Double layer IV 2 " 


Cost of Steam per 
1000 Pounds 
Less than 10 cents 
10 cents to 15 cents 
15 cents to 20 cents 
20 cents and over 


Saturated Steam 

Standard thickness 
Standard thickness 
11 / 2 " thick 
2" thick 


V h f ;i r,ri Vint well high pressure drip piping, etc., 
For exhaust feed and hot , „ j„„j thickness For high 

coudifious ucfcd 

above — double layer of IV2 Cold^ater Pipes. — All heat- 

Low f ° hot water, should be fuUy covered 

mg piping, either steam ^^oided. Cold water pipes are 

where radiation losses are “sweating” and dripping, 

frequently insulated ^ be in- 

For the above conditions, reauire thick coverings and 

rfeft ‘rr ^v^s " - “ - 

be used. 
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Cold Pipes. — It is important to consider the question of in 
. sulation of pipe used to convey ammonia or brine for refrigera 
tion purposes, if serious losses are to be prevented. The problen 
is not very different from insulation of hot pipes, but it is ven 
essential that the material used is not easily injured by moisture 
Hair, felt and paper in alternate layers has been used as a protec 
tion for cold pipes. Hair felt soaked in boiling resin and appliec 
to the pipes while hot is also used. Sectional coverings composec 

of granulated cork ma^ 



be obtained ready for us( 
on brine or ammonia 
pipes and fittings. 

Nonpareil cork covering 
is made by the Armstrong 
Cork and Insulation Com- 
pany by compressing anc 


Insulation. 


lated cork in metal moulds 
After this the covering is coated inside and out with a water- 
proof mineral rubber finish, ironed on hot. Tests by the above 
company gave an average transmission per square foot at rnear 
circumference, per one inch thickness per degree difference ii: 
temperature per 24 hours of 8.6 B.t.u. for cork covering and 
of 43.2 B.t.u. for bare pipe. Four grades of this covering are 
made. Standard brine covering, from two to tliree inches thicls 
for temperatures of 0 to 25 degrees F.; special thick brine cover- 
ing, from three to four inches thick for temperatures below zcrc 
degrees F.; ice water covering, about IV 2 inches thick for tem- 
peratures of 25 to 45 degrees F.; and cold water covering for use 
on cold water piping to prevent sweating. The iiKdJiod of sup- 
porting the pipe is shown in Fig. 310 wli(n*(‘, a hangxn- is on tlic 
outside with a piece of sheet iron protecting th(^ covering. 

Forms of Pipe Coverings. — The materials foi* pipci covering.^ 
may be had in a variety of forms. For covc^ring i)ip(‘, sheets oi 
material may be wrapped around the pipe and fastened with 
wire or heavy twine; the material may bci in jolastic; form and 
applied in the shape of a mortar; or any of thc^ larger vaiiety ol 
moulded or sectional coverings, Fig. 311, may bc^ uscul. Sectional 
coverings are made in lengtlis of three feet, and are s|)lit length- 
wise into halves. When applied to the i)ipe they arcj wrapped with 
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canvas and then held on with iron or brass bands spaced from 
one to two feet apart. Fittings and valves may be insulated with 
a plastic coating or with moulded covers made in sections to fit 
over them. 



Hair felting comes in rolls six feet wide and in thicknesses of 
V 4 to 1 V 2 inches. Asbestos paper is made in varying thicknesses 
and in rolls 36 inches wide. 

Underground Piping. — Two methods of insulating under- 
ground piping are described in Chapter XIII. Careful under- 
drainage is essential to any system. 

Forms of wood casing for underground steam and hot water 
piping made by A. Wyckoff & Son Company are shown in Figs. 



Fig. 312. Wood Casing — Split Form. 


312 and 313. The form shown at X, Y and Z is made of thor- 
oughly seasoned gulf cypress staves, one inch thick, closely jointed 
together, wound with heavy galvanized steel wire, and then 
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wrapped with two layers of heavy corrugated paper. Anotl 
casing of one inch cypress staves is put on the outside and wou 
with galvanized wire. For use with high pressure steam pipe t 



313. Improved Wood Casing. 


casing is liiUMi with tin and two hiyers of asbestos paper to prevc 
the wood from (diarring. 'riaj casing is made in lengths of fr< 
four to (‘ight fc(*t whicdi an» conruMdcHl by tenon and socket joii 
A", Fig. dl2. loir use on pijHss which are already in place 1 
casing may be lunl split in tlu^ form shown at Y and Z, Fig. 3 
Th(‘ (‘asing shown in Fig. 3>13 is an imi)roved form in which A 
a two inch inmn* shell, li is asphalt urn {)acking, C is a V‘i 


■ - - 




o i ,!]1 


.! ili 






■It i> i;>.v 


an. DoiiPlf Piafik P>{)X 
I 11. iil.l! !' »I1 




'M’>. I'L'ink Box Insulat.io 


spaer aial a <*ur iiwh outer shell. 'r}i(‘ (xising is aidcrwti 

coated with ! lyd* »lfno -I » and toIIcmI in sawdust. Phis torn 
made in It-nglh- «»!’ lr«Mn lour to twelve* let*!, with teaiou [ind soc 
joints. It fannot ho '])ht. hut must lx* sh[)j)i‘<l <)V(‘r t.h(‘ pi] 
while lhe\’ art' i»o!ni! ronniM*j«‘d ui). 
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Two forms of plank box insulation for underground piping 
are shown in Figs. 314 and 315, which have appeared in Power, 
and are described as being in successful use. Fig. 314 is by W. H. 
Wolfang, and shows double planking with shavings filled in be- 



tween. The supports are rollers made from IV 4 inch pipe and 
one inch rods. The side dimensions for four inch pipe are eight 
by twelve inches. Fig. 315 is by Henry G. Pope, and is com- 
posed of rough two inch plank. As noted, the top plank slopes 
to one side to shed water. Waterproofed building paper was 
tacked over each joint. Bricks were used for supporting the 
pipe. The method of anchoring is also shown in the figure. 

A method of constructing underground mains up to 20 inch 
pipe using split tile is illustrated in Figs. 316 and 317, and de- 
scribed by the Armstrong Cork and Insulation Company. 
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TABLE 100 


Sizes of Steam Lines and Protecting Tile 


steam Line 
Size Inches 

Protecting Tile 
Size, Inches 

Steam Line 
Size, Inches 

Protecting Tile 
Size, Inches 

1 

8 

7 

15 

IV^ 

8 

8 

15 


8 

9 

18 

2 

10 

10 

18 

2 V 2 

10 

12 

20 

3 

10 

14 

21 

3 V 2 

12 

16 

24 

4 

12 

18 

27 

41/2 

12 

20 

27 

5 

12 

24 

30 

6 

15 

30 

36 


“For underground lines excellent results can be secured by usii 
two inch thick, nonpareil, high pressure covering, protected wi' 
a good grade of hard-glazed, split tile, although for lines larg 


Nonpore/t H. P. Cohering 
6"!^/ P/pe 



'^e Sf&er P/ofe - tO Long 

Copper C/a’</ 



Fig. 317. Split Tile Conduit. 


than twenty inches it is often advisable to use regular tunnel coi 
struction. A four inch drain is laid in the bottom of the trenc 
to carry off seepage water and concrete supporting piers are ii 
stalled on sixteen-foot centres. A bed of ci-usIkkI stone or coar; 
gravel is then put down to grade, and uiron tins the lower ha 
of the tile is laid. The expansion rollci-s are sti-apped to the .steaj 
pipe so that they will rest directly over the concrete supportir 
piers. To prevent abrasion of the tile, No. 18 gauge galvanize 
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steel plates are inserted between the expansion rollers and the 
tile. After the pipe is in position, the covering is applied and 
held in place by copper-clad steel wire, canvas on the outside 
being usually dispensed with. The joints are pointed up with 

nonpareil high pressure cement, 
and the top of the tile is then 
cemented in place with Portland 
cement mortar.’’ 

The sizes of protecting tile are 
given in Table 100. 

Where a number of pipes, 
electric wires, etc., are to be 
carried underground, some form 
of tunnel is about the best ar- 
Such tunnels can be built up of brick or can be made 
Electric wires may be run in tile set in the walls 








ii . 



w 


Fig. 318. Method of Anchoring. 


rangemont. 
of concrete. 

or roof of the tunnel. Pipe lines can be carried on brackets or sup- 
ports at the sides, with provision for expansion and drainage and 
regular methods of insulation. The floor of the tunnel should 
be arranged with drain connections to take care of any water 
that may accumulate from leaks in the piping or other causes. 

Out-of-Doors Piping. — The 
methods of insulation shown 
in Figs. 312 and 313 arc well 
adapted for use on steam pipes 
running out of doors and ex- 
posed to the weatlu^r. For 
such purposes the outer wooden 
casing is painted with black 
asphalturn paint. 

Very oftcai the regular method 
of insulation as used on in-door 
lines are employed, making the 
covering somewhat tliickcr and 
enclosing it in waterproof paper, 

or w^oodciii or steel plate boxing may be constructed for a protec- 
tion from the weather. 

Some (1(‘, tails of an interesting out-door pipe line forming part 
of the River Power Plant of the Victor Talking Machine Com- 
pany are shown in Figs. 318, 319, 320, 321 and 322. This plant 
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is the design of Mr. Albert C. Wood, consulting engineer, who 
has furnished the information concerning it. A part plan and 
elevation of the line which is several hundred feet long is show 
in Fig. 320. One of the supporting structures is shown in Fig. 
321 with its foundation resting upon two concrete pdes, which 
were necessary because the ground is made and is underlaid with 



Fig. 322. Method of Covering Bends and Fittings. 


river mud. The supports were made very heavy in order to pro- 
vide for the possibility of lumber stacks falling against them and 
also that the high pressure steam line might be substantially sup- 
ported. These supports are placed about 20 feet apart. They 
carry a ten inch high pressure steam line, 160 pounds per square 
inch (150 degrees superheat) and an eleven inch sawdust line, as 
well as brackets for 500,000 C.N., 250 volt D.C. cables. The 
method of anchoring is shown in Fig. 320. The roller support, 
which allows freedom for movement due to expansion, is clearly 
indicated in Fig. 319. 
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The insulation of the high pressure steam pipe consists of i 
layers, IV 2 inches thick, 85 per cent, magnesia blocks, moul 
to proper radius to suit the pipe with the joints broken b 
longitudinally and circumferentially. The joints and interst; 

were filled with 85 per c( 



magnesia plastic. Over 1 
resin sized paper was app' 
and wired every twelve inc 
with two turns of No. 16 c 
per wire. Then two layers 
roofing material were app! 
with all joints lapped at h 

two inches and wrapped vi 
Frost Boxing for Water ^ j mi. r 

stand Pipe. compound. The t 

layer of roofing material ^ 
secured at the joints and at intervals of about 18 inches ^ 
three turns of No. 16 copper wire, while the second layer ^ 
secured at the joints and at regular intervals of about tw( 
inches with three turns of No. 14 copper wire. Fittings i 


Fig. 323. 



Fig. 324. Square Boxing for Water 
Pipe. 



Fig. 325. Circular 
Boxing for Water Pipe 


valves were covered as indicated in Fig. 322, blocks being ui 
together with 85 per cent, magnesia plastic. 

Air piping may be run on the surface of the ground or car: 
on trussed poles or towers. Proper care must be taken to ] 
vide for drainage and necessary expansion. 


PIPING INSULATION 


305 


The protection of water standpipes from freezing is an impor- 
tant matter. In Fig. 323 is shown a tightly constructed frost 
boxing described by Mr. W. C. Teague in the A. S. M. E. Journal, 
April, 1914. Arrangements should be made for keeping the 
water heated by a hot water heater or steam coil placed in the 
bottom of the tank. 

A simple form of protection is shown in Fig. 324, composed 
of two plank boxes with an air space between them. The joints 
should be made very tight and the outside painted with asphal- 
tum paint or be otherwise protected. A circular form of protec- 
tion is shown in Fig. 325. 


CHAPTER XVII 


VIPING DRAWINGS 

The underlying principles are the same for all classes of drav 
ings, but for each branch there are certain conventions and gei 
eral methods of representation. It is the purpose of this chapt( 
to deal with some of these general customs and details rathe 
than to present a collection of complicated drawings. 

Classification of Piping Drawings. — There are several kinds e 
piping drawings depending upon the purpose and requirements e 
the work. Sometimes a freehand sketch is sufficient, sometime 
a line diagram, and sometimes a large scale drawing, consisi 
ing of several views of the entire system, together with workin 
drawings of details is necessary. A drawing for constructio 
purposes must give complete information as to sizes, position c 
valves, branches and outlets. A drawing to show the layout c 
existing pipe lines need not be as complete and is often made t 
small scale, using single lines to represent the pipes, with note 
to tell sizes, location and purpose for which the pipe is used. i 
drawing to show proposed changes should give both existing an^ 
proposed piping, using different kinds of lines to distinguish th 
changes. Dot and dash lines, dash lines, or red or other colore' 
ink may be used for this purpose. A drawing for re})airs rna; 
consist of simply the part to be repaired, or may show the loca 
tion or connection between the repairs and apparatus or othc 
parts of the system. Drawings for repairs should l)e checkci 
very carefully and just what is to be replaced or repaired shouL 
be made clear. 

Erection Drawings. — Drawings for ei-ectiori are sometime 
made with very few diihensions but with all pieces numlxa'ed am 
accompanied by a list giving complete information cone(a-iiini 
each piece. A piping list may be made up in a variety of wayj- 
One method is to list each piece of pipe, fitting and valve in orde 
from one end of the system, and then collect all the pipe of cud 
size, all the ells, tees, unions, valves, etc. A form similar to Fi^ 
326 is often useful. 
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i 



Detail drawings should be made in the same manner as for any 
other purpose. The detail drawing for a special fitting is shown 
.in Fig. 327. All piping drawings should have a title giving the 
purpose of the piping, scale of drawing, and date, together with 
provision for changes and date of changes and any other neces- 
sary information. It is particularly important that piping draw- 
ings be kept up to date. The dimensions for standard flange 
fittings are given in Chapter IV, and throughout this book will 
be found tables giving dimensions for various piping fixtures and 


size 

Pipe 

reef 

Number 

ya/yes 

Number 

Fittings 

Thds. 
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t 

2 
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FifL 

C. /. 

















Fig. 326. Form for Listing Fittings. 


fittings, etc. When possible it is always well to use the manu- 
facturers' catalogs, provided the makes to be used are known. 
A steam piping drawing is shown in Fig. 328, in which the dimen- 
sions are indicated without the figures, for the sake of clearness. 

Conventional Representation. — Fittings and valves may be 
drawn as in the various figures shown throughout this book. 
When drawn to a small scale conventional representations are 
often used. A variety of such conventions are shown in Figs. 
329 and 330. It is desirable to add an explanatory list to a draw- 
ing when these are used, unless notes make clear the meaning of 
each one. They are very convenient for sketching and diagram- 
matic purposes. Several methods of showing pipe are given in Fig. 
331. Except in special cases, or for small pieces, it is not neces- 
sary to use shading. When a single line is used it should be 
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Fig. 327. Detail of Base Elbow. 
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enough heavier than the other lines of the drawing 
clearly, usually about three times as heavy will be 





kb/y'e - 


r 

S/dopy 


G/oSe Ky/re 

a 

Oh 

+ 

Tee 

i5i 

Ca/e yb/t^e 

o 

Cross 


Ge/e kb/re 

( , M 

Y 

Sro/7C/7 


-o- 


/?ee/</cer 

nil- 


Hh 



-i;i- 


to stand ( 
satisfacto 

Throitte 

Tee 

C/?eck pbt 


Fig. 329. Conventional Representations for Fittings. 

Apparatus used in connection with piping as well as the machii 
to which it is connected are frequently represented by diagrai 
more or less conventional. Several methods in use are shown 



Fig. 330. Conventional Representations for Fittings. 


Fig. 332, and these will serve to suggest such oth(u\s as may 
required. The over all dimensions together with notes and lo^ 
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tion of pipe flanges or openings are necessary in many cases, 
always desirable. ^ 

1, 2. Plan of Direct Acting Steam Pump. 

3, 4, 5. Elevation of Direct Acting Steam Pump. 

6. End View of Direct Acting Steam Pump. 

7, 8, 9. Separator. 

10, 11. Receiver — or Receiver Separator. 

12. Vertical Steam Engine. 

13. Plan of Horizontal Steam Engine. 

14. 15. Steam Trap. 

16. Feed Water Heater. 

17. End View Horizontal Steam Engine. 

18. . Plan of Water Tube Boiler. 

19. Elevation of Water Tube Boiler. 

20. Plan of Fire Tube Boiler. 

21. Centrifugal Pump. 

Dimensioning. — Most of the general rules for dimensior 
drawings hold for piping plans, but there are a few points wl 
may be mentioned. Always give figures to the centres of p 
valves and fittings, and let the pipe fitters make the necess 
allowances. If a pipe is to be left unthreaded, it is well to pla( 
note on the drawing calling attention to the fact. If left-h 
(L.H.) threads are wanted it should be noted. Wrought i 
sizes can generally be given in a note using the nominal sizes. 

The bosses into which pipe screws should be located fi 
centre lines of the machines and from the base or foundat 
Flange connections should be located in the same way. Ss 
factory sizes of cast-iron bosses to be provided for pipe to sc 
into are given in Table 101. This table also gives the dista 
which the pipe may be expected to enter in order to obtai 
tight joint. 

TABLE 101 (Fig. 333) 

Cast-Iron Bosses 


Size 

Inches 

B 

Inches 

C 

Inches 

Size 

Inches 

B 

Inches 

c 

Inchej 

V8 

V* 

.19 

2 

372 

.58 

v« 

1 

.29 

2 V 2 

474 

.89 

Vs 

IVs 

.30 

3 

5 

.95 


1V« 

.39 

3 V 2 

572 

1.00 

V4 

1V4 

.40 

4 

6 

1.05 

1 

2V8 

.51 

4 V 2 

6 V 4 

1.10 

I'A 

2 V 2 

.54 

5 

772 

1.16 

I'A 

2 V 4 

.55 

6 

872 

1.26 
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These values may be used where it is necessary to make an 
ance for the thread. Crane Company gives the values she 
Table 102 for length of thread on pipe that is screwed into 
or fittings to make a tight joint. 




Fig. 334. Distance Pipe E 
Fitting. 


TABLE 102 (Fig. 334) 
Distance foh Pipe to Enter Fittings 


Size 

Inches 

A 

Inches 

Size 

Inches 

A 

Inches 

Size 

Inches 

In 

'A 

‘A 

1 V 2 

Vs 

5 

1 

'A 

Vs 

2 

^Vl6 

6 

1 

Vs 

Vs 

2 V 2 

V 16 

7 

1 

'A 

‘A 

3 

1 

8 

1 

V4 

'A 

3 V 2 

IV 16 

9 

1 

1 

VlO 

4 

1 V 16 

10 

1 

I'A 

Vs 

4 V 2 

iVs 

11 

1 


Flanged valves when drawn to large scale may have th 
all dimensions given, the distance from centre to top of 
wheel or valve stem when open and when closed, diameter o 
wheel, etc., about as shown in Chapter VI. Separate i 
should be completely dimensioned as in Fig. 338, as shoi 
special parts. It is necessary that the location of the 
should be definitely given, which means that the parts 
building containing the piping must be shown and must be 
rately dimensioned. The location of apparatus and th< 
connections should be given by measurements from the 
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lines of the machines, distances between centres of machini 
heights of connections, etc . . 

In all cases the principal object of dimensioning must be ke 
in mind, namely, to tell exactly what is wanted in size, locati 



Babbittor Copper: Brass Aluminum Rubber.Yulcanlh 
WhitcMetal ortomposition or Insulation 



Concrete BncK coursed Uncoursed Ashlar 

Rubble 



Rock oriq'inai Fiiiinq Sand Other Material 

Earth 

Fig. 335. A. S. M. E. Cross Sections. 


and material, in such a way as to leave no room foi* misund 
standing. To this end clearness and exactness are essent 
Several examples of dimensioning ar(^ shown in Figs. 327, 328 £ 
343. 

When it is desired to indicate the different materials appear 
in cross-section, the standard rccornmcmded by a committee 
the A. S. M. E. may be used. This standard is shown in I 
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335, It is not advisable to depend upon such representations, 
and a note should always be added to tell the material. Their 
chief value is to make it easier to distinguish different pieces. 

Final drawings should be made after the engines, boilers and 
other machinery have been decided upon, as they can then be 



drawn completely and accurately. At least two views should be 
drawn, a plan and elevation. Often extra elevations and detail 
drawings are necessary. Every fitting and valve should be shown. 
A scale of ^/s inches equals 1 foot is desirable for piping drawings 
when it can be used, as it is large enough to show the system to 
scale. 


Flanges. — The dimensions 
flanges are given in Tables 39 
flanges or drilling are required. 



Fig. 337. Tapered Filling-iii Piece. 


of the Ajuencan Standard for 
and 40, but sometimes special 
The number of bolts used for the 



flanges or fittings and valves is generally divisible by four, and 
placed “two-up’’ or to “straddle” the centre line. If any other 
arrangement is required the location of bolt holes should be 
clearly shown, as in Fig. 336 at B and C. Regular spacing can 
be given in a note, as “16 holes equally spaced,” etc. The draw- 
ing for a tapered filling-in piece is shown in Fig. 337, and for a 
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special flange in Fig. 338. The bolt holes are sometimes blacki 
in to indicate that the bolts or studs are not required, in whi( 
case a note should be added indicating such a meaning. A tapp< 
or threaded hole may be shown by the methods of Fig. 339. T1 
nominal diameter may be used or the actual diameter obtaine 
from Table 4. The taper of the thread is usually exaggerate 
when shown. A straight hole with ordinary thread represent; 
tions may be used. 



'S€ct/pns <?/* Threac/ecS F/angcs. 

Fig. 339. Threaded Holes. 


Coils. — Several drawings for pipe coils arc shown in Fig. 340 
Such drawings should tell the thickness of the pipe and the ma 
terials, the diameter of the coil taken eithez* inside or outside o 
the pipe as indicated, the length of the pipe oi' coil,* the numbe; 
of turns; the pitch of the turns; the position and arrangeraeni 
of the ends, and the method of connection, support, etc. It is 
not necessary to draw the complete coil if the ends arc clearlj 
drawn. Single line representations require explicit note.s to tell 
whether centre line or outside <linien.sions are zneant and other- 
wise explain what is wanted. 

Sketching. Sketching is jxn itivaluablc aid ;i.s a preliiziinary 
step in any kind of drawing, arul a skc'tcli is oftzui tii(i only draw- 
ing needed. One’s ideas can lax made (ilcar zuul t he mnnher zind 
kmd of fittings and valves cheekcnl up in t.hi.s way. Where only 
a small amount of work is to bo done, a sketch may he niadc and 
fully dimensioned, from which a list of piez^exs can he mjidc with 
lengths, sizes, etc. This will avoid mistakz^s in cutting, and the 
sketch shows just how the paz-ts go together without zlzipcnding 
upon memory. Such a sketch may be used to order with, but 
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in such cases it should be made upon tracing cloth or thin pj 
so that a blue print can be made as a record. An H or 2H pe 
will give lines black enough to print if ink is not used. The figr 
however, should be put on in ink in all cases. If only one or 
copies are wanted carbon paper may be used. Dimensions 
notes should be put on as carefully as on a finished drawing. ' 
general procedure is much the same as for all kinds of sketch 
First sketch the arrangement using a single line diagram. W 
satisfactory the real sketch may be started by drawing in 



centre lines, estimating locations of fittings, valves, etc., wl 
should be spaced in roughly in proportion to their actual p 
tions. The piping, valves, etc., can then be sketched in, ui 
any of the conventions shown in Figs. 329 and 330. Finally lo( 
dimension lines, figures and notes, together with the date an 
title of some kind. Pictorial methods can be used to great ad\ 
tage for sketching purposes, especially for preliminary layo 
as the directions and changes in levels can l)c clearly sho 
Fig. 341. 

Developed or Single Plane Drawings. — It will often be fo 
convenient to swing the various parts of a piping layout int 
single plane in order to show the various lengths and fitting 
one view. Different methods of showing the same piping are 1 
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illustrated. Fig. 341 is a pictorial view using single lines to show 
the position in space; Fig. 342 is a developed line sketch with the 
sizes, fittings, etc., written on, and Fig. 343 is a developed draw- 
ing with complete dimensions and notes. Such drawings are 
valuable when listing or making up an order as well as for the 
pipe fitters to work from. A free-hand line sketch, as a preliminary 
step in laying out a steam fine, can often be made in this way. 



Isometric Drawing. — Two forms of pictorial drawing lend 
themselves readily to piping drawings, isometric and oblique. 
Both show the position of the pipe in space and are easily drawn 
and easily understood. They are especially valuable for sketch- 
ing and preliminary layout work. The principles here given will 
enable anyone to make use of this convenient form of representa- 
tion. Isometric drawing is based upon the three edges of a cube 
which come together at a corner. The lines representing these 
three edges are called isometric axes. One of these axes is vertical 
and the other two make angles of 30 degrees with the horizontal. 
See Fig. 344. These three lines represent three directions in space. 
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PIPING DRAWINGS 3^ 

X/ixi6S parallel to the axes are called isometric lines. AU oth' 
lines are non-isometric lines. All measurements are made aloi 
the axes or along isometric lines. Non-isometric lines cannot 1 




Isometric Axes. 


measured or laid off directly, but must be transferred from i 
orthographic projection. The method of doing this is shown 
Figs. 345, 346, and 347, where both orthographic and isometi 
drawings are shown for several cases. Angles are drawn in isome 
ric by transferring from the orthographic projection, as sho^ 
in Fig. 347, where B-C makes an angle with the other lines, 
will be noticed that the effect of position in space would be Ic 



Figs. 345 and 346. Orthographic and Isometric Representations. 


without the isometric lines in Fig. 346. Circles show as ellipi 
when drawn in isometric, but are generally drawn by appro 
mate methods as shown on the three faces of the cube, Fig. 3^ 
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where two radii having centres at A and B are used. Ci 
arcs can be drawn by the same method. 

In Fig. 349 the method of boxing in and laying out dime 
is shown for a plain ell. The orthographic projections of 1 



Fig. 347. Orthographic and Isometric Representations. 


are shown at A and the points are numbered to correspond 
the isometric views. The first step is to lay off the centr 
tances ^-3 and 3-4 as shown at J5. The centre for the arc is : 
by the intersection of perpendiculars from 3 and 4- The dist 
are indicated by dimension lines on Figs. A and B, and ai 
same length in both figures. 



The next step is to lay out the diameters for the isor 
circles, as shown at C. The centres for the arcs are shown 
and the completed ell at E. 
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The method of blocking in and drawing a screwed ell is indi- 
cated in Fig. 350. The construction for a flanged tee is indicated 
in Fig. 351, in which some of the dimensions are noted. The 




Fig. 352. Isometric Drawings of Pipe. 

manner of obtaining the isometric diameter for piping is shown 
in Fig. 352, in which the measure of the actual diameter is marked. 
Some examples of piping as represented by isometric drawing 
are shown in Fig, 353 and other parts of the book. 



The method of laying out for a definite problem is shown in 
Figs. 354, 355 and 356. A sketch plan and elevation for an engine 
exhaust are shown in Fig. 35A. The piping and engine room are 






PIPING DRAWINGS 


327 


boxed in, and the centres of pipe lines, valves, and fittings are 
measured off parallel to isometric lines as indicated in Fig. 355. 



The dimensions and notes are left off for the sake of clearness in 
showing the construction, but a few distances are indicated to 
show the manner of laying off measurements. Fig. 356 is the 
same as Fig. 355 except that the boxing has been left off. 



With a little practice it is possible to make free hand isometric 
drawings that are a great help in clearing up ideas and deciding 
locations. 

Oblique Drawings. — Oblique drawings are made by the use 
of three axes located as shown in Fig. 357. Lines parallel to the 
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plane of the front face of the cube show in their true length and 
angles in their true size. The drawing of circles is shown on the 



Fig. 358. Oblique Circles. 

faces of the cube, Fig. 358. It should be noted that the centre 
for arcs is found by the intersection of perpendiculars erected at 
the points of tangency of the arcs. Except for the change in 



Fig. 359. Oblique Drawing. 

angles this method is the same as for isometric. Fig. 359 shows 
an oblique drawing. 


CHAPTER XVIII 
SPECIFICATIONS 

Specifications. The specification of materials and piping 
apparatus for various purposes involves a knowledge of the con- 
ditions under which they are to be used. In the preceding chapters 
of this book an attempt has been made to describe piping ma- 
terials, commercial sizes, and to indicate the uses for which they 
are adapted. 

The possible consequences due to the failure of piping, often 
involving loss of life, are such that the best material, workman- 
ship, and design should always be the end in view when prepar- 
ing v^ipii^Lg specifications. 

Home fluids and the materials adapted for use with them are as 
follows: 

For cold water — almost any material, but depending upon 
pr(^ssure and impurities. 

For impure cold water — brass or similar composition. 

F(fr hot watci — brass or similar composition, galvanized iron, 
cast. iron. 

For mil water or brine — brass or other composition. 

For amviotna 'water — iron or steel. 

For weak ridphurlc acid — lead, lead lined iron or steel. 

For drong mlphuric acid — wrought iron, wrought steel, cast 
iron. 

For hydrochloric acid — lead, lead-lined pipe. 

For fuel oil st(‘(d tubing, extra heavy wrought iron or steel; 
galvaniz(‘(l pip('. 

Sp(‘('ifica(i()ris for pii)ing can be very much simplified by the 
us(‘ of w(‘ll miido and accurate scale drawings showing the entire 
syst(‘in with t.lu^ siz(‘s and makes of its various components. The 
spi'cificat.ions should cover whatever is not named on the draw- 
ings and should give t.he trade name, make or manufacturers' 
naiiH's, size's and materials for all parts of the system which in- 
(*lud(is the following: kinds of pipe; method of support; provision 
for (‘xi)ansioii; pipe bends; flanges; bolting and drilling; kinds 
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(Not exceeding 275 lbs. pressure) Cast semi-steel 
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of packing; fittings; steam valves; water valves; air valves; 
reducing valves; back pressure valves; blow-off valves; safety 
valves; non-return valves; relief valves; foot valves; separa- 
tors; steam traps; injectors; meters, etc. 

Standard Piping Schedule. — The standards for pipe and 
fittings of Stone & Webster Engineering Corporation are given 
in the accompanying tabulation. The different materials as 
used for power plant work and their variation to meet the needs 
of each particular service are made especially clear by this pres- 
entation. 

Standard Specifications (Stone & Webster). — Local condi- 
tions are certain to vary any sample specifications that might be 
given, but the basis of the specification for high-class work should 
be very much the same. For this reason the author is pleased to 
be able to include the following standard piping specification 
which was kindly supplied by the Stone & Webster Engineering 
Corporation. It is used by them as a basis for detailed specifica- 
tions on each particular job. It represents good modern practice 
and should prove of much value as a guide in the selection of 
proper materials, and in calling attention to the important factors 
involved in a piping installation. 

STANDARD SPECIFICATION FOR PIPE AND FITTINGS 
Stone & Webster Engineering Corporation 
IN GENERAL 

This specification covers the furnishing and installation of a complete 
piping system in the power station of the 

MATERIAL 

All pipe steel, forged steel, cast steel, wrought iron, cast iron, and com- 
position used in the various fittings, flanges, pipe, etc., shall have the follow- 
ing physical characteristics. 

Pipe Steel 

Tensile strength not less than 50,000 lbs. per sq. in. 

Elastic limit “ 30,000 ‘‘ 

Elongation in 8 in., not less than 18% 

Reduction of area, not less than 50 % 

Forged Steel 

Tensile strength not less than 70,000 lbs. per sq. in. 

Elastic limit 40,000 

Elongation in 8 in., not less than 20 % 

Reduction of area, not less than 40 % 
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Cast Steel 

Tensile strength not less than 60,000 lbs. per sq. in. 

Elastic limit “ “ '' 30,000 “ '' '' 

Elongation in 2 in., not less than 20% 

Reduction of area, not less than 30 % 

The percentage each of phosporous and sulphur shall not exceed five 
one hundredths (0.05). 

All castings shall be annealed and sample pieces shall satisfactorily stand 
bending cold around 1" radius and through 120°. Two test pieces 
from each melt shall be prepared to standard size for testing and shall 
be furnished free of charge. 

Wkoijght Iron 

Tensile strength not less than 50,000 lbs. per sq. in. 

Elastic limit “ 26,000 “ 

Elongation in 8 in., not less than 18% 

Reduction of area, not less than 50 % 

Cast Iron 

All castings shall be of tough gray iron, free from all defects affecting 
either strength or tightness under pressure, true to pattern and of 
workman-like finish. 

Sample pieces 1 " square cast from the same heat of metal in sand molds, 
shall be capable of sustaining on a clear span of 4-8^ a central load 
of 500 lbs. when tested in the rough bar. 

Turned test pieces shall show an ultimate tensile strength of not less 
than 24,000 lbs. per sq. in. One test piece from each melt for each of 
the above tests shall be prepared for testing and furnished free of 
charge to the Engineers. 

Composition 

All composition shall be a dense strong mixture especially selected for 
the particular service in which it is to be used and shall not suffer 
a serious loss of strength due to the temperature to which it is 
regularly sul)jccted. 

All wrought iron and steam pipe shall be made by the Youngstown Sheet 
and Tul)c Company. 

HIGH PRESSURE STEAM PIPING 

All fittings 2 V 2 " and above, for use with super-heated steam shall be of 
extra heavy flanged pattern, designed for 250 pounds per square mch work- 
ing pressure and made of cast steel of a quality as previously specified. The 
section of all fittings shall increase gradually by a long taper at flanges. 

Tl^he thickness of metal shall be not less than that given for corresponding 
sizes in the following table: 


Size 

15^ 

14" 

12" 

10" 8" 6" 5" iV 

4" 

3i" 

Thickness 

If" 

li" 

IF 

1 *' 1 " V r r 


w 
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All high pressure steam fittings 2V2" and above, for use with saturated 
steam shall be of the extra heavy flanged pattern designed for 250 pounds 
per square inch working pressure and made of cast iron. 

The section of all fittings shall increase gradually by a long taper at flanges. 

All high pressure steam fittings below 2V2", both for superheated and for 
saturated steam shall be extra heavy screw end pattern, made of cast iron 
and designed for a working steam pressure of 250 pounds per square inch. 

All pipe 2V2" and above for high pressure steam piping, both for super- 
heated and saturated steam shall be what is commercially known as full 
weight selected lap welded pipe made from the best quality of steel, as pre- 
viously specified. 

All steel bends must be bent to the radius designated and must be free 
from wrinkles, buckles, creases, etc,, and flanges shall be faced at right angles 
to the centre line of the pipe. 

All steel pipe and bends 6 " in diameter and above, for use with superheated 
steam, shall have extra heavy rolled or forged steel flanges of the Van Stone 
type. 

All steel pipe and bends 6" in diameter and above, for use with saturated 
steam, shall have extra heavy cast iron flanges of the Van Stone type. 

All steel pipe and bends from 2V2" to 5" inclusive shall have flanges screwed 
on and refaced in lathe. These flanges shall be of rolled or forged steel for 
superheated steam piping, and of cast iron for saturated steam piping. 

All steel pipe and bends under 2^/2" shall be extra strong and threaded for 
screw end Sittings. 

At the dead ends of all pipes blank flanges of approved design shall be 
furnished and shall be of cast steel for superheated steam piping and of cast 
iron for saturated steam piping. 

All unions for high pressure steam piping under 2V2" shall be extra heavy 
bronze for 250 pounds per square inch working steam pressure and shall be 
of the ground joint type. They shall be of the Tuxedo or Economic make. 

Main steam headers for use with superheated steam shall be made up by 
one of the following methods: 

(1) With extra heavy cast steel fittings and full weight steel pipe with 
extra heavy'rolled or forged Van Stone flanges. 

(2) Full weight steel pipe with nozzles of full weight steel pipe welded on 
and with extra heavy rolled or forged steel Van Stone flanges made on. 
Fillets where nozzles are welded on to be long radius. 

All flanges for high pressure steam work on pipe fittings and bends shall 
be faced off on the back or spot faced so as to provide a smooth even bearing 
for bolt heads and nuts. They shall be of dimensions and drilling as shown 
on attached sheet and shall be provided with a raised face inside bolt holes 
Vie'' in thickness. 

HIGH PRESSURE WATER PIPING 

All fittings 2V2" and above, for high pressure water piping, including feed 
water piping, shall be of extra heavy flanged pattern made of cast iron. 

The section of all fittings shall increase gradually by a long taper at 
flanges. 
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All fittings below 2^/2" shall be extra heavy cast iron, screw end pattern. 

All pipe 4 " in diameter and above, both for hot and cold water shall be 
extra heavy flanged cast iron. 

Fillets at flanges shall be of long radius or tapered the same as specified 
above for high pressure water fittings. 

All fittings and pipe shall be designed for a working pressure of 250 pounds 
per square inch. 

All pipe for high pressure cold water from 2V2" to 3V2" inclusive shall be 
of full weight steel and shall have extra heavy cast iron flanges screwed on 
and refaced in lathe. 

All pipe for high pressure cold water below 2V2" shall be full weight lap 
welded steel and shall be threaded for screw end fittings. 

All pipe for high pressure hot water from 2V2" to 3V2" inclusive shall be 
of iron pipe size brass pipe equal in every respect to that manufactured by 
the American Tube Company, and shall have extra heavy cast iron flanges 
screwed on and refaced in lathe. 

AU pipe for high pressure hot water under 2^/2" shall be of iron pipe size 
brass pipe threaded for screw end fittings. 

All unions for high pressure water piping below 2V2" shall be of the extra 
heavy bronze ground joint type and of Economic or Tuxedo make. 

All flanges on above pipe and fittings shall be spot faced on the back to 
provide a smooth even bearing for bolt heads and nuts, and shall have a 
raised face inside bolt holes in thickness. They shall conform to dimen- 
sions and drilling as shown on attached sheet. 

BLOW-OFF PIPING 

All fittings for blow-off piping 2V2" and above shall be extra heavy flanged 
pattern made of cast iron. 

The section of all fittings shall increase gradually by a long taper at 
flanges. 

All fittings below 2V2" shall be extra heavy screw end cast iron. 

All pipe inside buildings 2V2" and above shall be full weight lap welded 
steel with extra heavy cast iron flanges screwed on and refaced in lathe. 

All pipe below 2V2" in diameter shall be extra strong steel, threaded for 
screw end fittings. 

All pipe 4 " and above for blow-off outside of buildings shall be extra heavy 
flanged cast iron designed for a working pressure of 250 pounds per square 
inch. 

Where blow-off piping outside of building is sufficient distance from boilers, 
extra heavy bell and spigot cast iron water pipe can be used in place of flanged 
cast iron pipe. 

All blow-off piping outside of building shall be laid in wooden box and 
this box shall be filled with magnesia or asbestos or other suitable non-con- 
ducting material, thoroughly packed around the pipe. 

Blow-off piping shall have free discharge above maximum water level 
wherever possible. 

Blow-off piping outside buildings, where the free end is sealed by water, 
shall have 3 " vent pipe installed in every (K) foot of length. 
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AQ flanges on both pipe and fittings shall be spot faced on the back to 
provide a smooth even bearing for bolt heads and nuts and shall have raised 
face inside bolt holes Vie" in thickness. 

All flanges shall be of dimensions and drilling as shown on attached sheet. 

LOW PRESSURE EXHAUST PIPING 

All fittings for low pressure exhaust piping 4" in diameter and above shall 
be standard weight flanged pattern designed for 100 pounds per square inch 
working pressure, and made of cast iron. 

All fittings below 4^ in diameter shall be standard weight cast iron, screw 
end pattern. 

All pipe for low pressure exhaust from 4" to 12" inclusive, excepting verti- 
cal outboard exhaust pipe, shall be of standard weight steel of a quality as 
previously specified and shall have standard weight cast iron flanges made on. 

All pipe under 4" in diameter shall be standard weight steel pipe threaded 
for screw end fittings. 

All pipe from 14" to 22" inclusive, unless otherwise specified, shall be lap 
welded steel pipe ^/4" in thickness, with cast iron flanges riveted on. 

Unless otherwise specified the sizes of lap welded steel exhaust pipe, from 
14" to 22" inclusive, shall be taken as the inside diameter of the pipe. 

AH pipe 24" in diameter and above shall be standard weight flanged cast 
iron pipe designed for working pressure of 100 pounds per square inch. 

Flanges on all pipe and fittings shall be plain faced and shall conform to 
dimensions and drilling shown on attached sheet. 

Vertical outboard exhaust pipe beyond exhaust relief valve and back 
pressure valve shall be flanged galvanized spiral riveted pipe. 

Exhaust heads shall be flanged galvanized of ample area, with inside parts 
of copper as made by the Wright Manufacturing Company. 

All unions below 2V2" in diameter shall be of ground joint type and made 
of brass. 

All unions from 2V2 to 3V2" inclusive, shall be flanged standard weight 
cast iron. 

LOW PRESSURE WATER PIPING 

All fittings for low pressure water piping 4" in diameter and above shall 
be standard weight flanged pattern and made of cast iron. 

All fittings below 4 " shall be standard weight cast iron screw end pattern. 

All pipe for low pressure water 4 " in diameter and above, for use both with 
cold and hot water, shall be standard weight flanged cast iron designed for 
a working pressure of 100 pounds per square inch. 

All pipe for low pressure water below 4" shall be standard weight galvan- 
ized steel pipe and shall be threaded for screw end fittings. 

Flanges on all pipe and fittings shall be plain faced and shall conform to 
dimensions and drilling shown on attached sheet. 

All unions below 2V2" shall be standard weight brass with ground joints. 

All unions from 2V2 to 3V2" inclusive shall be standard weight flanged 
cast iron. 


SPECIFICATIONS 


339 


DRIP PIPING 

(1) High Pressure 

All fittings for high pressure drip piping below 2V2'' shall be extra heavy 
cast iron screw end pattern. 

All fittings 2^/2^ and above shall be extra heavy flanged cast iron. 

All pipe for high pressure drips under 2^/2*^ shall be extra strong lap welded 
steel threaded for screw end fittings. 

All pipe 2^/2^'^ and above shall be full weight steel pipe with extra hea'^y 
cast iron flanges screwed on and refaced in lathe. 

All unions below 2^/2*" shall be extra heavy brass ground joint pattern of 
Economic or Tuxedo make. 

Flanges on all pipe and fittings shall be spot faced on the back to provide 
smooth even bearing for bolt heads and nuts and shall conform to dimensions 
and drilling shown on attached sheet. 

(2) Low Pressures 

All fittings for low pressure drips shall be standard weight cast iron, screw 
end pattern. 

All pipe shall be standard weight steel pipe threaded for screw end 
fittings. 

All unions below 2V2" shall be standard weight brass unions with ground 
joints. 

All unions 2V2" and above shall be standard weight flanged cast iron. 

In all cases where possible, water seals made with pipe and fittings shall 
l>e used in place of traps. 

DRY AIR PIPING 

All fittings for dry air piping 4 " and above, shall be standard weight flanged 
cast iron, designed for 100 pounds per square inch working pressure. 

All fittings under 4 " shall be standard weight cast iron screw end pattern. 
All pipe shall be standard weight steel pipe and shall be provided for screw 
end fittings on sizes under 4 ". 

Pipe 4 " in diameter and above shall have standard weight cast iron flanges 

made on. , 1 , n r 

All flanges on both pipe and fittings shall be plain faced and shall confonn 

to dimensions and drilling shown on attached sheet. 

All unions below 2V2" shall be standard weight brass unions with ground 
jointH and all unions 2 'A‘' and above shaU be standard weight flanged cast 
iron. 

OIL PIPING 

All fittings for oil piping shall be cast iron pattern brass fittings with screw 

All pipe shall be iron size brass pipe threaded for screw end fitting. 

All unions below 2V2" shall be standard weight brass ground joint pattern 
of Economic or Tuxedo make. 

All unions 27 / and above shall be standard weight flanged cast iron. 
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AIR PIPING 

All fittings for air piping shall be standard weight cast iron with screw ends. 

All pipe shall be standard weight lap welded steel pipe threaded for screw 
end fittings. 

All unions below 2 ^/ 2 " shall be standard weight brass with ground joints. 

All unions 2 V 2 " and above shall be standard weight flanged cast iron. 

STEP BEARING PIPING 

All fittings for step bearing piping to vertical turbines shall be of cast steel 
hydraulic pattern, designed for from 2000 to 3000 pounds per square inch 
working pressure with Economic ground joints made by the Edwards Steam 
Specialty Company. 

All flanges and unions shall be of cast steel with Economic ground joints 
designed for same pressure as above fittings and made by the Edwards Steam 
Specialty Company. 

All pipe shall be double extra strong lap welded steel threaded for flanges 
and unions specified above. 

JOINTS 

Joints for high pressure steam piping shall be made with Durabla gaskets 
in thickness, or of some other equally good packing as approved by 
Engineers. 

Joints for high pressure water piping shall be made with Durabla gaskets 
in thickness, or with corrugated copper gaskets coated on both sides 
with Dixon’s graphite or Callahan’s cement. 

Joints in low pressure steam and water piping shall be made with Rain- 
bow gaskets Vis" in thickness, or of some other equally good rubber packing. 

Where flanges are screwed on pipe they should be made on as tight as it 
is safe and the pipe shall be made entirely through the flange until it is flush 
with the face of the flange. 

Joints made with screw end fittings shall have pipe threads thoroughly 
slushed with Dixon’s graphite or Callahan’s cement and made into the fit- 
tings as tight as it is safe to screw them. 

All gaskets on both high and low pressure piping shall extend out to the 
inside edge of the bolt holes of flanges, except on low pressure piping above 
14" in diameter, where they shall extend to the outside edge of flanges. 

All bolts for both high and low pressure joints shall be made of bolt steel 
and shall have clean cut U. S. threads with upset square heads and semi- 
finished hexagonal cold pressed nuts. 

SUPPORTS 

All piping and apparatus shall be supported in a thorough and substantial 
manner. 

Main steam headers, unless otherwise specified, shall be supported on a 
heavy cast iron adjustable pipe chair with concave rollers. 

All other piping shall be supported by adjustable wrought iron hangers or 
by brackets. 

All hangers and supports shall be installed so that they will not interfere 
in any way with the expansion and contraction of the piping. 
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Exhaust risers to atmosphere shall be braced by means of stays fastened 
to walls or steel work in a thorough and substantial manner. 

Wherever necessary, clamps, braces and anchors shall be installed in 
order to remove all vibration which is injurious or excessive. These clamps 
and braces shall not be fastened to pipe in such a manner as to interfere with 
their proper expansion and contraction. 

ERECTING AND TESTING 

All piping shall be erected so as to bring all the joints true and fair in order 
that flanges can be carefully faced and properly bolted. 

Piping must not be subjected to unnecessary or excessive strain in making 
up. 

All steel castings must be tested at the shop before shipment and shall be 
tight under an hydraulic pressure of 500 pounds per square inch. 

All high pressure steam piping shall be tested after erection to 300 pounds 
per square inch hydraulic pressure. 

All extra heavy cast iron feed pipe shall be tested under an hydraulic 
pressure of 500 lbs, per square inch before leaving the factory. The entire 
high pressure feed line shall be tested xmder an hydraulic pressure of 300 
pounds per square inch after erection. 

All piping under vacuum shall be tested and made tight against air leaks. 

Pet-cocks shall be placed on any portion of the piping system where air 
is liable to collect. 

All piping put together with screw end fittings shall have sufficient unions 
to allow of ease for removal or repairs. 

After piping system has been erected it shall be blown clear of dirt and 
chips before connections are made to any apparatus. 

All high pressure steam piping shall be blown with live steam. 

Model Specifications (Walworth). — A valuable set of model 
piping specifications for three classes of power houses has been 
prepared by Mr. H. W. Evans, formerly manager of the power 
piping department of the Walworth Manufacturing Company, 
outlining standard practice. The following is condensed from 
the above. 

Specification op Materials for Steam Plants Operating with Sat- 
urated Steam — Pressures up to 125 Pounds per Square Inch 

STEAM LINES 

High pressure steam and drip pipe to be wrought steel, lap-welded. Sizes 
12" and smaller to be full card weight. Sizes 14" and larger ^/s" thick or 
heavier. 

Pipe for Bends to be same weight as straight lengths unless of short 
radius, when heavy pipe must be used. Bends to be finished accurately to 
dimensions to avoid forcing into position, except expansion bends, which 
should be cut shorter than dimensions and drawn into place which will allow 
the bend to expand into place and fit properly when the line heats. 
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Flanges for Pipe and bends for sizes 8^/2" and smaller to be standard 
weight cast iron threaded type; 4" and larger to be Walmanco type. 

Fittings 2 V 2 " and larger to be standard weight cast iron, flanged: 2" and 
smaller, standard cast iron, threaded. 

Valves 2" and larger, except stop and checks and other specialties, to be 
iron body, flanged, gate or angle valves, standard weight, outside screw and 
yoke; larger sizes fitted with by-pass. The seating faces of discs and the 
seat rings to be renewable bronze. Bonnet to be arranged for back seating 
when the valve is open for packing under pressure. Valves IV2" and smaller 
to be all bronze. 

Flanges, except Walmanco type, on pipe, valves, and fittings, to be faced 
straight across, rough finish. 

BOILER FEED LINES 

The feed water pipe from pumps to boilers to be full weight lap-welded 
wrought steel or iron. Use brass pipe if quality of water demands it. 

Fittings 2^/2" and larger, except checks and feed valves (globes) to be 
iron body, flanged, gate or angle valves, standard weight, outside screw and 
yoke, with bronze stems. Valves 2" and smaller to be all bronze. 

Flanges on pipe valves and fittings to be faced straight across, rough 
finish. 

Corrugated lead gaskets about Vie" thick, cut in rings to fit inside the bolt 
holes. 

EXHAUST LINES 

Pipe for exhaust lines except cast iron to be lap-welded wrought steel, 
sizes 12'^ and smaller standard weight; 14" to 20" outside diameter, V4" 
thi(‘k. Sizes 22" and over not less than V4"- 

Fok Bends, see specification for steam lines. 

Cast Ikon Pipe may lie used for the exhaust to the condenser or for 
otluT liiKss if cheaper than wrought; weight, etc., to conform to specification 
for flanged fittings. 

I'’lan<jes for IhPE and bends for sizes 12" and smaller to be standard 
wtaghf., (vast iron, threaded type; for pipe 14" and larger to be standard weight 
cast iron attached by Walmanco method. 

h'i'rriN(;s 3" and largca- to be (^ast iron, flanged; 2 V 2 " and smaller, cast 
iron, thr(‘ad(‘d. Sizes 14" and smaller standard weight; 16" and larger may 
b(‘ low pn^ssure. 

Valves for size's 2 Vi" and larger, except relu4, back pressure, and other 
si)(‘cialti(‘s to be iron body, flanged, gate or angle valves, preferably outside 
screw and yoke. Inside s(u-ew valves with Ijrass stem; outside screw and 
y()k(‘ may have steel stem. Sizes 10" and smaller standard weight; 12" and 
larg(‘r may be low pix'ssiire, in whidi case they are to have standard weight 
flang(‘s. ddie sedating facu's of discs and seat rings are to be renewal )le bronze; 
boiiiud. to be arranged for back seating when the valve is open for imeking 
imd('r i)ressure. Valves 2" and smaller to be all brass. 

h’LANGES on pii)e valves and fittings to be faced straight across, rough 
finish. 
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Garlock or Eainbow gaskets Vie" thick cut in rings to fit inside the bolt 
holes. 

WATER PIPING 

Suction or discharge pipe (except cast iron) to be lap-welded wrought steel 
or iron. Sizes 12" and smaller standard weight; 14" and larger not less than 
1 / 4 " thick. Bends made as for steam piping. 

Cast Iron pipe when used should conform to specifications for flanged 
fittings. 

Flanges for pipe and bends for sizes 12" and smaller to be standard weight 
cast iron, threaded type; for pipe 14" and larger to be standard weight cast 
iron attached by Walmanco method. 

Fittings for sizes 3" and larger to be cast iron, flanged; 2" and smaller 
cast iron, threaded. Sizes 14" and smaller standard weight; 16" and larger 
either standard or low pressure as demanded by the service. Elbows long 
radius. 

Stop Valves 2 V 2 " and larger to be standard weight, iron body brass 
mounted, flanged, gate or angle valves. Preferably outside screw and yoke 
with brass stems. Valves 2" and smaller to be all brass. 

Flanges on pipe valves and fittings except Walmanco type, to be faced 
straight across, rough finish. 

Cloth Inserted Rubber or Rainbow gaskets Vie" thick, cut in rings to fit 
inside the bolt holes; for pipe in the ground use heavy canvas, full face, 
dipped in red lead. 

BLOW-OFF LINES 

Pipe and Bends to be full weight lap-welded steel. In all particulars same 
as for steam lines. 

Flanges for pipe and bends to be standard weight, cast iron, threaded, 
screwed on and refaced. (Same as for steam lines.) 

Fittings to be standard weight cast iron, flanged. Elbows, long radius; 
use extra heavy malleable screwed ells if within the fire walls. Header fit- 
tings to be laterals or single sweep tecs. 

Cast Iron Pipe may be desirable for a header buried in the ground, 
then use heavy weight flanged pipe. 

BLOW-OFF LINES from boilers to be double valved; use one heavy 
asliestos packed cock, and one Walworth angle pattern blow-off valve, 
flanged ends. 

Flanges on pipe, valves and fittings to be faced straight across, rough 
finish. 

Garlocjic or Lead Gaskets Vio" thick, cut in rings to fit inside the bolt 
holes. 

Specification op Materials for Steam Plants Operating with Satu- 
rated Steam — Pressures up to 250 Pounds per Square Inch 
STEAM LINES 

High pressure steam and drip pipe to be wrought steel, lap-welded. For 
pressures up to 200 pounds per square inch, sizes 7" and smaller to be full 
card weight; 8 "-28 pounds per foot; 9 "-34 pounds per foot; 10"-40 pounds 
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per foot; l2''-50 pounds per foot. Sizes 14" and larger thick or heavier. 
For pressures 200 pounds per square inch and over, 12 " and smaller to be 
extra strong; 14" and larger 1 / 2 " thick. 

Pipe eok Bends to be same weight as straight lengths unless of short 
radius, when heavy pipe must be used. Bends to be finished accurately to 
dimensions to avoid forcing into position, except expansion bends, which 
should be cut shorter than dimensions and drawn into place which will allow 
the bend to expand into place and fit properly when the line heats. 

Flanges for pipe and bends for sizes 3 ^/ 2 " and smaller to be extra heavy 
weight malleable iron or steel, threaded type, screwed on and refaced. For 
sizes 4" and larger malleable iron or steel flanges (low hub section) attached 
by Walmanco method should be used. 

Fittings 2" and smaller to be extra heavy cast iron, threaded; sizes 2 V 2 " 
and larger to be extra heavy weight cast iron or semi-steel, flanged. 

Valves 2" and larger, except stop and checks and other specialties to be 
iron body, flanged, gate or angle valves, extra heavy weight, outside screw 
and yoke. (For pressures up to 175 pounds medium weight valves may be 
used.) Sizes 8" and larger to be fitted with one-piece by-pass valve. The 
seating faces of discs and the seat rings to be renewable hard bronze; bonnet 
to be arranged for back seating when the valve is opened for packing under 
pressure. Valves IV 2 " and smaller to be all bronze. 

Flanges, except Walmanco type, on pipe, valves and fittings to be faced 
with Vie" raised projection inside the bolt holes; bearing surface for bolt 
head and nut to be finished, i.e. spot faced. 

BOILER FEED LINES 

The feed water pipe from pumps to boilers to be extra strong lap-welded 
wrought steel or iron. Use brass pipe if the quality of water demands it. 
Flanges for the pipe and bends to be extra heavy weight malleable iron or 
steel (low hub section). Sizes 2 V 2 " and smaller, threaded type; 3" and 
larger, Walmanco method. Fittings 2 V 2 " and larger to be extra heavy weight 
cast iron or semi-steel, flanged. Sizes 2" and smaller to be extra heavy cast 
or malleable iron, threaded. Elbows, long radius. 

Valves 2 V 2 " and larger, except checks and feed valves (glolms) to be 
iron body, flanged, gate or angle valves, extra heavy weight, outside screw 
and yoke, with bronze stem. (Medium weight valves may he used for pres- 
sures up to 175 pounds.) Valves 2" and smaller to be all bronze. Flanges 
on pipe, valves and fittings to be faced with Vifi" raised projection inside the 
bolt holes; bearing surface for bolt head and nut to be finished, i.e. spot faced. 

Corrugated lead gaskets about Vic" thick cut in rings to fit the raised faced. 

EXHAUST LINES 

See exhaust lines under specifications for plant operating with 125 pounds 
steam pressure. 

WATER PIPING 

See water piping under specifications for plant operating with 125 pounds 
steam pressure. 
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BLOW-OFF LINES 

Pipe and bends to be extra strong lap-welded steel. In all particulars 
same as for steam lines. 

Flanges to be extra heavy malleable iron or steel (low hub section). Sizes 
3V2" and smaller, threaded type; 4" and larger Walmanco method. Semi- 
steel flanges may be used for pressures up to 150 pounds. 

Fittings to be extra heavy weight cast iron, flanged. Elbows, long radius. 
Header fittings to be laterals or single sweep tees. Cast iron pipe, valves, 
facing, and gaskets same as for 125 pound plant. 

Specification of Materials for Steam Plants Operating with Super- 
heated Steam — Pressures up to 250 Pounds per Square Inch 

STEAM LINES 

High pressure steam and drip pipe to be wrought steel, lap-welded. For 
pressures up to 175 pounds per square inch, sizes 7" and smaller to be full 
card weight; 8 "-28 pounds per foot; 9 "-34 pounds per foot; 10"-40 pounds 
per foot; 12"-50 pounds per foot. Sizes 14" and larger Vs" thick or heavier. 
For pressure 175 pounds per square inch and over, 12" and smaller to be extra 
strong; 14" and larger ^/2" thick. 

Pipe for Bends to be same weight as straight lengths unless of short 
radius, when heavy pipe must be used. Bends to be finished accurately to 
dimensions to avoid forcing into position, except expansion bends, which 
should be cut shorter than dimensions and drawn into place which will allow 
the bend to expand into place and fit properly when the line heats. 

Flanges for pipe and bends for sizes 3V2" and smaller to be extra heavy 
weight steel, threaded type, screwed on and refaced. For pipe 4" and larger 
to be steel (low hub section) attached by the Walmanco method. 

Fittings 2" and larger to be extra heavy open hearth steel castings, hav- 
ing sweep outlets and large fillets back of the flanges. Sizes IV2" and smaller 
to be extra heavy malleable iron or cast steel, threaded. 

Valves IV2" and larger, except stop and checks and other specialties, to 
be extra heavy weight, flanged, gate or angle valves, outside screw and yoke; 
l)onnct packed with Durabla gasket. Sizes 7" and larger to be fitted with 
one-t)iece l)y-pass valve. Body, Bonnet and Discs or Wedge to be open 
hearth steel castings — yoke may be cast iron. When temperature does 
not excecid 500° stem may be cold rolled steel; for higher temperatures use 
Monel metal stems. Valves IV4" and srnalkir to be all bronze, or of suitable 
composition to withstand high temperatures; fitted with renewable seat and 
disc. 

Finances, cxcei)t Walmanco type, on pipe valves and fittings, to be faced 
with Vio" raised projection inside the bolt holes; bearing surface for bolt 
head and nut to be finished, i.c. spot faced. 

BOILER FEED LINES 

The feed water pipe from pumps to boilers to be extra strong lap-welded 
wrought steel or iron. Use brass if the (juality of water demands it. 

Flanges for pipe and bends to be extra heavy weight malleable iron or 
steel (low hub section). Sizes 372" a,nd smaller to be threaded type; size 4" 
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and larger to be attached by Walmanco method. Semi-steel flanges may 
be used for small sizes for pressures up to 150 pounds. 

Fittings 2 V 2 " and larger to be extra heavy weight cast iron or semi-steel 
flanged. Sizes 2" and smaller to be extra heavy, cast or malleable iron, 
threaded. Elbows, long radius. 

Valves 2 V 2 " and larger, except checks and feed valves (globes) to be iron 
body, flanged, gate or angle valves, extra heavy weight, outside screw and 
yoke, with bronze stem. (For pressures up to 175 pounds medium weight 
valves may be used.) Valves 2" and smaller to be aU bronze. 

Flanges except Walmanco type on pipe, valves and fittings, to be faced 
with Vie" raised projection inside the bolt holes; bearing surface for bolt 
head and nut to be finished, i.e. spot faced. 

EXHAUST LINES 

See exhaust lines under specifications for plant operating with 125 pounds 
steam pressure. 

WATER PIPING 

See water piping under specifications for plant operating with 125 pounds 
steam pressure. 

BLOW-OFF LINES 

See blow-off lines under specifications for plant operating with 250 pounds 
steam pressure (saturated steam). 

. Corrugated lead gaskets about Vie" thick, cut in rings to fit the raised face. 
Notes — (Common to all Piping) 

Drilling. — Templates to be the ^‘American Standard of 1915,” for flanges, 
fittings and valves. 

Supports. — Not more than 12 foot centres, designed to provide for move- 
ment in all directions; use substantial anchors where necessary. 

Drainage. — Provide adequate drainage arrangements wherever necessary 
on all steam lines. 

Unions. — Provide suitable unions on small threaded lines wherever neces- 
sary to insure quick repairs and at all valve connections. 

Valves. — The seating faces of discs and the seat rings to be of renewable 
bronze (or suitable metal) ; bonnet to be arranged for back seating when the 
valve is open for packing under pressure. 
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The following sources of information are included as a means 
of increasing the value of the book, which is necessarily limited 
in its treatment of the various phases of piping and allied sub- 
jects. It is not intended to be a complete list of books and articles, 
but is suggestive, and may be amplified by the reader. 

Adams, A. I. — Wood Stave Pipe. Am. Soc. C. E. Transactions, Vol. 41, 
p. 27. 

Allen, J. K. — Sizes of Flow and Return Steam Mains. 104 pp. ill. Pub. 

by Domestic Engineering, Chicago, 1907. 
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Booth, Wm. H. — Steam Pipes. 187 pp. ill. A. Constable & Co., Ltd., 
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Hill Book Co., N. Y. 1908. 
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VoL, Oct., 1916. Am. Soc. M. E., N. Y. 

Crane Company. — The Efh^ct of High Temperatures on the Physical Prop- 
erties of Some Metals and Alloys, by I. M. Bregowsky and L. W. Spring, 
Power Plant Pij)ing Specifications. Chicago. 
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Dudley, Arthur W. — Experiments with Wood Pipe in New Hampshire 
Journal of the New England Waterworks Association. Sept., 1916. 
Durand, W. L. — Flow of Steam in Pipes (A Chart). Mechanical World, 
May 26, 1916. 

Ellis, George A. — Tables Relating to the Flow of Water in Cast Iron 
Pipes. 53 pp. Press of Springfield Printing Co., Springfield, Mass. 1883. 
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Spigot and Socket Soil Pipes. 
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Purposes. 

Evans, W. H. — Model Piping Specifications. Walworth Mfg. Co., 1915, 
Boston, Mass. 

Forstall, Walton. — The Installation of Cast Iron Street Mains. 121 pp. 

The Chemical Publishing Co., Easton, Pa. 1913. 

Foster, E. H. — Flow of Superheated Steam in Pipes. Am. Soc. M. E. 
Transactions, Vol. 29, p. 247. 

Friend, J. Newton. — The Corrosion of Iron and Steel. Longmans, Green 
Co., N. Y. 1911. 

Garrett, Jesse. — Making Cast Iron Pipe. Journal of N. E. Waterworks 
Association, Sept., 1896. 

Gerhard, W. P. — Gas Piping and Gas Lighting. 306 pp. $3.00. McGraw- 
Hill Pub. Co., N. Y. 1908. 

Gibson, A. H. — Water Hammer in Hydraulic Pipe Lines. 60 pp. ill. D. 
Van Nostrand Co., N. Y. 1909. 

Guillaume, M, — Table, Determination of Pressure Fall in Steam Piping. 

Journal Am. Soc. M. E., 1914, p. 0129. 

Harrison Safety Boiler Works. — Philadelphia, Pa. ‘^The Exhaust 
Steam Heating Encyclopedia,” Bulletins and Catalogs, Cochrane Heaters, 
Separators, Multiport Valves, etc. 

Hawley, W. C. — Wooden Stave Pipe. 18 pp. ill. Engineers’ Society of 
Western Pennsylvania, Pittsburgh, Pa. Mar. 21, 1905. 

Herschel, Clemens. — 115 Experiments on the Carrying Capacity of 
Large, Riveted, Metal Conduits. 122 to 130 pp. J. Wiley & Sons, 
N. Y. 1897. 

Hills, H. F. — Gas and Gas Fittings. 243 pp. ill. Whittaker & Co., N. Y. 
1902, 
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Transactions, Vol. 31, p. 989. 
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Am. Soc. for Testing Materials. Vol. 8. 
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etc. 211 pp. ill. $1.50. David Williams Co., N. Y. 1913. , 
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Steam. Am. Soc. M. E. Transactions, Vol. 29, p. 355. 
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<fe Sons, N. Y. 

Lewis, W. K. — The Flow of Viscous Liquids Through Pipes. The Journal 
of Industrial and Engineering Chemistry, July, 1916. 

Lovekin, S. D. — Joints for High Pressure Superheated Steam or Hydraulic 
Work are described in the American Machinist, June 8, 1905. 

Machinery Data Sheet Book No. 12. — Pipe and Pipe Fittings. 44 pp. 
ill. $0.25. The Industrial Press, N. Y. 1910. 

Machinery Reference Series No. 72. — Pumps and Condensers, Steam 
and Water Piping. 48 pp. ill. $0.25. The Industrial Press, N. Y. 
1911. 

Mann, A. S. — Cast Iron Valves and Fittings for Superheated Steam. Am. 
Soc. M. E. Transactions, Vol. 31, p. 1003. 

Marks, Lionel S. — Mechanical Engineers’ Handbook. 1836 pp. $5.00. 
McGraw-Hill Book Co., N. Y. 1916. 

McMillan, L. B. — The Heat Insulating Properties of Commercial Steam 
Pipe Coverings. Journal of Am. Soc. M. E., Jan. lOlO. 

Meter Connections. — Report of Committee of American Gas Institute, 
N. Y. 1916. 

Miller, E. F. — The Effect of Superheated Steam on the Strengtli of Cast 
Iron, Gun Iron, and Steel. Am. Soc. M. E. Transa(itions, Vol. 31, jl 998. 

The Flow of Superheated Ammonia Gas in Pipes. Am. Soc;. Refrig. 
Eng’rs Journal, Sept. 1916. 

Morris, William L. — Steam Power Plant Piping. 490 jip. ill. $5.00. 
McGraw-Hill Book Co., N. Y. 1909. 

“National” Bulletins Nos. 1 to 24. — National '‘rube Co., Pittsburgh, Pa. 

National Tube Company, Book of Standards. - — 559 pp. $2.00. Na- 
tional Tube Co., Pittsl)urgh, Pa. 

Peabody, Ernest II. — Oil Fuel. Paper No. 214, Trans. IntcTiiational 
Engineering Congress, 1915. The Neal Pub. Co., San KnuuMsco, Cal. 

Piping. — Practical Engineer, Jan. 1, 1917. 

Piping for Steam Generating Plants from a Safety Point of View. — 
The Travelers’ Standard, Vol. IV, No. 8. 


350 


A HANDBOOK ON PIPING 


Preston, Arthur C. — Experiments on the Flow of Oil in Pipes. Journal 
of Engineering of the University of Colorado, Dec. 1915. 

Plumbing & Gas Fittings. — Prepared for students of the International 
Correspondence Schools, The Colhery Engineer Co., Scranton, Pa. 
1897. 

Sang, A. — The Corrosion of Iron and Steel. McGraw-Hill Book Co., N. Y. 
1910. 

Specifications for Cast Iron Soil Pipe and Fittings. 31 pp. Hitzel- 
berger, Tietenberg & Co., N. Y. 1915. 

ScoBET, Fred C. — The Flow of Water in Wood-Stave Pipe. 96 pp. U. S. 
Dept, of Agriculture Bulletin No. 376. Government Printing Office, 
1916. Washington, D. C. 

Snow, William, G. — Pipe Fitting Charts. 285 pp. ill. $1.50. David 
Williams Co., N. Y. 1912. 

Standard Pipe and Pipe Threads. — Report of Committee. Am. Soc. 

M. E. Transactions. Vol. 7, pp. 20, 414; Vol. 8, p. 29. 

Standard Specifications. — Am. Soc. for Testing Materials. Edgar War- 
burg, Sec^y Treas., Philadelphia, Pa. 

A 53-15. For Welded Steel and Wrought Pipe. 

A 44-04. For Cast Iron Pipe and Special Fittings. 

Standardization op Special Threads for Fixtures and Fittings (Straight 
Threads). — Report of Committee of Am. Soc. M. E. Trans. Vol. 37, 
p. 1263. 

Stanley, W. E. — Loss of Head in Pipes, Bends, Valves and Other Fittings. 

The Purdue Engineering Review, May, 1916. 

Stewart, R. T, — Strength of Steel Tubes, Pipes and Cylinders under 
Internal Fluid Pressure. Am. Soc. M. E. Transactions, Vol. 34. 

Walker, W. H. — ^^The Relative Corrosion of Iron and Steel Water Pipes.” 

N. E. Water Works Association, Boston, Dec. 1911. 

Wehrle, George. — Instructions for Gas Company Fitters. The Gas Age. 

An Extensive Series of Articles beginning Sept., 1916. 
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in Pipes. 170 pp. D, Van Nostrand Co., N. Y. 1896. 
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' Journal of the A. S. M. E. 
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Practical Engineer, Chicago. 

The Valve World, Chicago. 



APPENDIX 


The drawings shown on Plates 1 to 8 inclusive are re-drawn for reproduc- 
tion from piping drawings prepared by Stone & Webster Engineering Cor- 
poration for a steam power plant (Cannon Street Station) which they are 
constructing for the New Bedford Gas & Edison Light Company, New Bed- 
ford, Massachusetts. A brief description of the plant is contained in The 
Walworth Log for December, 1916, which says that it is, perhaps, the last 
word in every detail as regards efficiency and low cost of operation, and con- 
tinues: “The coal is brought to the company’s wharf in barges, transferred 
by an electric unloading tower through the coal crusher into storage, only 
crushed coal being stored. It is transferred from storage by locomotive crane 
and dump cars into hoppers at the east end of the station; from here by skip 
chutes to bunker storage at end of firing aisle. 

“From bunker storage to automatic stokers the coal is transferred by a 
traveling coal weigher, same having two compartments, one for north and 
the other for south boilers. By the use of bunkers and traveling ash cars 
the ashes are removed and disposed of in a correspondingly modern way. 
By the use of force draft and Babcock & Wilcox boilers they are able to meet 
peak loads with a liberal boiler overload. The steam leads and mains are 
figured to provide enough steam to meet any emergency which may arise.” 
All of the high pressure piping, and most of the low pressure work in this 
station was furnished by the Walworth Manufacturing Company. 

On the original drawings all figures and lettering are made large and very 
distinct. The large reduction necessary for reproduction has of course caused 
a loss in the matter of clearness. A great deal of valuable information in 
connection with the preparation of piping drawings can be obtained by a 
careful study of these plates. The completeness of the notes, descriptions 
of valves and special fittings, old and new material, location of centre lines 
for present and future apparatus, together with the location of building 
features should })c noted. The grade lines specified on the elevations and 
the location of the north point on the different plans make comparisons easy. 

Th(vsc drawings are considered typical for modern plants operating at 
about 200 pounds pressure. 

Plates 1 and 2 show the main steam pipe lines in plan and elevation. 
Exx)ansion is cared for by bends and loops. Connections from the boilers to 
the 12 iiKih header are made by 6 inch bends. The location of connections 
for indicating pressure gauge and recording temperature and pressure gauges 
is indicated on Plate 1. 

Plates 3 and 4 give the plan and elevation of the auxiliary exhaust lines. 

Plates 5 and 6 show the boiler feed lines in plan and elevation. Not;' the 
enlarged detail for the connections at the Bailey Meter. 
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Plate 7 gives the plan and elevation for the boiler blow-off lines. Note the 
location of the valves. 

Plate 8 shows the plan and elevation for the heater suction and city water 
lines. 

For the use of these valuable drawings the author is indebted to the Stone 
& Webster Engineering Corporation, who were kind enough to supply them 
for this purpose. 
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Abendroth & Root, spiral riveted 
pipe, 22 

Air, equivalent volumes of free, 244; 
piping, 237, 339, 340; weight of, 
239 

Air lift pumping system, 244; well 
pipe sizes, 246 

Aluminum Co. of America, 284 
Aluminum piping, 284; sizes and 
weights, 287 

American District Steam Co., 216, 
219, 220, 223 

American Gas Institute, 251 
American Metal Hose Co., 284 
American pipe threads, 35 
American Radiator Co., 203, 208 
Am. Soc. Mech. Engrs., 13, 18, 37, 
134, 138, 140, 289, 305, 314 
Am. Soc. Test Materials, 13 
American Spiral Pipe Works, 25 
American standard flanged fittings, 
58-70 

Ammonia fittings, 71 
Apparatus, conventional representa- 
tion, 311 

Armstrong Cork & Insulation Co., 
295, 299 

Asphalted riveted pipe, 22 
Atwood line weld, 76 
Auld Co., 125, 128 

Automatic valves, Crane-Erwood, 
121; Fisher exhaust relief, 132; 
Foster, 117 

Babcock’s formula, 143 
Back pressure valves, 130 
Baldwin, Wm. J., 43 
Bamboo tubes, 1 
Barlow’s formula, 20 


Barometric condenser, 183; piping 
for, 184 

Bell and spigot joint, 89 
Bending pipe, 281; machine, 282 
Benjamin, C. H., 13 
Bends, pipe, 275-281; dimensions 
of, 275 

Blake & Knowles Pump Works, 180, 
185 

Blow-off piping, 169, 337, 343; tanks, 
170, 171. 

Blow-off valves, 114; arrangement 
of, 169 

Boiler feed piping, 232; specifica- 
tions, 342, 344, 345 
Boiler stop valves, 117 
Boiler tubes, 287 
Bolt circles and drilling, 79 
Bolted socket joint, 89 
Books and references, 347 
Brackets, 273; dimensions of, 275 
Brass, pipe, 29; fittings, 54; uses 
of, 8 

Brass tubing, 285 
Bregowsky, I. M., 146 
Bridgeport Brass Co., 228 
Briggs, Robert, 35 
Briggs standard, 2 
British pipe threads, 42 
British standard flanges and fittings, 
72 

Bronze, gun, 10 
Bull head tees, 60 
Burhorn, Edwin, 27 
Bursting pressures of, cylinders, 13; 
flanged fittings, 57; wrought pipe, 
18, 21 

Bushings, 47 
Butterfly valves, 114 
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Butt weld pipe, 6 
By-pass valves, 103 

Caps, 47 

Casing, wood, 297 

Casting alloys, U. S. Navy, Bureau 
of Steam Engineering, 9 
Cast iron, bosses, 312; cylinder 
tests, 13 

Cast iron pipe, Am. std., 64, 65; 
dimensions of hub and spigot, 7, 
13, 15; fittings, 49; flange ends, 7; 
formulae for, 12; joints, 96; plain, 
16; uses of, 7; weights of hub and 
spigot, 14; weight of plain, 16 
Cast steel fittings, 71 
Cast steel screwed fittings, 57 
Central station heating, 217; con- 
densation meter, 225; interior 
piping, 224 

Chadwick-Boston Co., 30 
Chasers, number of, 40 
Check valves. 111; hydrauKc, 235 
Clark, Walter R., 228 
Clearance, 40 
Closed heater piping, 190 
Cochrane steam-stack and cut-out 
valve, 193 

Coils, 316; drawings of, 317 
Cold pipes, coverings for, 296 
Color system, 288 
Compressed air piping, 237 
Compressed air transmission tables, 
238, 240-243 
Condensers, 176 

Conductivity chart for gas pipes, 249 
Conduit, split tile, 299 
Connections, boiler to header, 152; 
exhaust main, 174; gas engine, 
256; gas meter, 252-254; hot 
water radiator, 208; lubricator, 267; 
special, 88; steam radiator, 203 
Converse joints, 90 
Copper pipe, 8, 29; flanges for, 93; 
method of manufacture, 8; uses 
of, 8 

Copper tubing, 285 
Corrosion of pipe, 2 


Couplings, 44, 45 

Coverings, pipe, 289; forms of, 296; 

tests on, 289; thicknesses of, 295 
Crane Co., 53, 54, 57, 78, 82, 103, 
104, 121, 146 
Crimped end, 94 

Crosby Steam Gage & Valve Co., 100 
Crosses, 46 
Cyhnder tests, 13 

Detail drawing, 308 
Dimensioning drawings, 312 
Dimensions of. Am. std. flanged 
fittings, 61-70; boiler tubes, 287; 
brass fittings, 55; British pipe 
threads, 42; British std. flanged 
fittings, 72-75; cast iron bosses, 
312; cast iron screwed fittings, 
50-54; Converse lock joint pipe, 
91; expansion joints, 278 
Dimensions of flanges, standard 
weight Walmanco, 85; extra heavy 
Walmanco, 86; extra heavy Crane- 
lap, 84; extra heavy shrunk and 
peened, 86; extra heavy tongued 
and grooved, 87 ; extra heavy male 
and female, 88 

Dimensions of globe and gate valves, 
104r-lll; hub and spigot pipe, 15; 
lead pipe, 32; malleable iron fit- 
tings, 56, 57 ; Matheson joint pipe, 
92; pipe, 11; pipe bends, 275, 281; 
pipe brackets,' 275; pipe saddles, 
283; riveted pipe flanges, 95; 
screwed unions, 78; spiral riveted 
pipe, 22-26; straight riveted pipe, 
27; Universal C. I. pipe, 97; 
Whitworth pipe threads, 43 
Dopes, pipe, 270 

Double extra strong wrought pipe, 3 
Drainage, 161 
Drainage fittings, 167 
Draining exhaust pipe, 173 
Drawings, conventional representa- 
tion, 307; dimensioning, 312; erec- 
tion, 306; flanged, 315; gas piping, 
260; isometric, 319-327; oblique, 
328; oil piping, 266; pictorial, 319- 
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328; piping, 306; single plane, Feed water purifier, live steam, 157 


318, 320; sketching, 316; steam 
piping, 309; steam power plant, 
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Drilling for bolt circles, 79 

Drip and blow-off piping, 161 

Drip piping, 339 

Drip pockets, 163 

Drips from steam cylinders, 167 

Eductor condenser, 185; piping for, 

186 

Elficiency of pipe coverings, 290 
Elbows, 46, 59 

Emergency stop valves, 118, 121 
Engineering Standards Committee, 73 
Ei^gines, steam lines for, 154; exhaust 
from, 173 

English pipe, 22; formula for, 22 
lalization of pipes, formula for, 
1:4; tables, standard wrought pipe, 
147; extra strong, 148; double 
(^xtra, 149 

E(|invalent lengths of pipe, 90® elbow, 
145; elbow, tee, etc., 230 
bJrc‘cting, specifications, 341 
lOn'Ction drawings, 306; pipe, 269 
i^h. ans, H. W., 341 
lOxhaust heads, 174 
Exfiaust piping, 172; method of 
rlraining, 173; specifications, 338, 
:’42 

I^h.haust relief valves, 132 
fvipansion, 274 

Expansion bends, 275, 276; radii 
for, 280; thickness of pipe, 281; 
values, 280 
l‘'xoansion chart, 279 
' , jansiori joints, 96, 277; exhaust 
ipe, 176 

ra heavy Am. std. C. I. pipe, 65; 
anged fittings, 63 
,ra strong wrought pipe, 3; dimen- 
ions of, 18; weight of, 18 

•nsworth Mfg. Co., 64 
id piping, 232 
' id water heaters, 188 


Field riveted joint, 89 
Filling-in piece, 315 
Fisher Governor Co., 129, 131, 132 
Fisher reducing valve, 126 
Fittings, flanged. Am. std. C. I., 
58-70; ammonia, 71; British std., 
72-75; conventional representa- 
tions, 310; distance pipe enters, 313; 
drainage, 167; formfor listing, 307; 
gas, 247; hydraulic, 233; oil pipe, 
264; riveted steel plate, 172; 
screwed, 44-57; sizes of water 
supply, 233 

Flanged fittings, strength of, 57 
Flanged unions, 79 

Flanges, Am. std., 65-67; British 
std., 72, 73; dimensions of, 85; 
drilling, 315; for copper pipe, 93; 
facing, 80; male and female, 81; 
raised face, 80; riveted, 89; 
straight face, 80; tongued and 
grooved, 81; with follower rings, 89 
Flow of water in pipes, 227; chart, 
229 

Foreign pipe threads, 43 
Formula, Barlow’s, 20 
Formula for, air lift pumping system, 
245; cast iron pipe, 12; compressed 
air transmission, 238; copper pipe, 
29; English pipe, 22; flow of 
water, 227, 228; gas pipes, 248; 
lead pipe, 30; safety valves, 136; 
spiral riveted pipe, 22; steam 
pipes, 143, 144; strength of pipe, 
11; wooden stave pipe, 34 
Forstall, Walton, 255 
Foster Engineering Co., 117, 131 
Fuel piping, oil, 267; U. S. Navy, 268 

Gages, pipe thread, 37; steam, 160 
Gas engine connections, 256 
Gas fitting, 246 
Gaskets, 271; ammonia, 71 
Gas meters, 250; connecting, 252; 
sizes of, 251 

Gas pipe, sizes of, 247, 257; testing, 
250 
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Gas piping, arms, 261; drawings, 260; 
location of, 247; obstructions and 
joining, 255 ; outlets, 256; pressure 
tests, 255; schedule, 257; slope 
of, 255; specifications, 255; stems, 
261 

Gate valves, 99-103; standard pres- 
sures and dimensions, 104-111; 
strength of, 104 
Giesecke, F. E., 228 
Globe valves, 99; standard pressures 
and dimensions, 104-111 
Governors, pump, 128 
Gravity- pipe lines, 226 
Gun bronze, 10 

Handling pipe, 269 
Header, live steam, 152 
Heads and pressures of water, 227 
Heaters, feed water, 188; piping for, 
199 

Heating systems, piping for, 201 
High temperature, effect of, 146, 
150 

Hirshfield, C. F., 138 
Homestead Valve Mfg. Co., 116 
Hoppes Mfg, Co,, 157, 163, 175, 
197 

Hose, metal, 284 

Hot water heating, 206; down feed 
system, 208; forced circulation 
system, 208; mains and risers, 210; 
open tank system, 207 ; pipe sizes, 
209 

Hot water suction pipe, 232 
Hub and spigot pipe, 13; weights of, 
14; dimensions of, 15 
Hydraulic pipe and fittings, 233 
Hydraulic stop valves, 236 

Ingersoll-Hand Co., 238, 244 
Injector piping, 156 
Insulation, 289; for water stand pipe, 
304 

Interlock welded necks, 76 
Interior water piping, 233 
Int'l Ass^n for Test. Mat’ls, 146 
Isometric drawing, 319-327 


Ja3nie, S. O., 34 
Jenkins Bros., 100 
Jet condensers, 180; piping for, 
181 

Joints, expansion, 277; flanged for 
steel pipe, 81; pipe, 76; specifi- 
cations, 340; welded, 76 

Kewanee flanged union, 79 

Lap weld furnace, 4 
Lap welding rolls, 5 
Lap weld process, 3 
Laterals, 59 

Lead pipe, formula for, 30; history, 1; 
joints, 93; manufacture of, 30; 
uses of, 8 
Lip angle, 39 
Live steam header, 152 
Location of valves, 113 
Long bends, British std., 75 
Long, H. E., 217 
Long radius fittings, 59 
Lubricator connections, 267 
Lunkenheimer Co., 54, 101 

Main header, pipe lines from, 154 
Malleable iron fittings, 55 
Mason Regulator Co., 123 
Materials for valves, 99; specifica- 
tions, 334; strength of, 9; sym- 
bols for, 314 
Matheson joints, 90 
McMillan, L. B., 289 
Metal hose, 284 
Meter cock, 247 

Meters, gas, 250; steam condensa- 
tion, 225 

Mill tests of wrought pipe, 20 

National Pipe Bending Co., 192 
National Tube Co., 20, 38, 51, 56, 78, 
102 

New Bedford Gas and Edison Light 
Co., 351 
Nipples, 47, 48 
Nozzles, 282 
Nut, pipe, 47 
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blique drawing, 328 
il fuel piping, 267 ; U. S. Navy, 268 
il piping, 339; drawing, 266; fittings, 
264; for lubrication, 263; Phenix 
system, 264; Richardson system, 263 
pen heater piping, 198 
peration of valves, 112 
utlets, gas, 256 
ut-of-doors piping, 301 
utside diameter wrought pipe, 3; 
weight of, 19 

hiladelphia Gas Works, 255 
ictorial drawing, 319, 328 
ilot valve, 120 

ipe coverings, forms of, 287, 296 
ipe joints, 76—83 
ipe nut, 47 

ipe saddles, dimensions of, 283 
ipe sizes. See Dimensions, 
ipe threading, 38; machine, 39 
ipe threads, 35; foreign, 43; sym- 
bols, plan and section, 316; table 
of standard, 36; Whitworth, 41 
ipe tools, 38-41 
iping drawings, 306 
iping for various liquids, 329 
iping schedule, servic(‘, pipe, fittings, 
valves, gaskets, flanges, 330 
ittsburgh Valve, h'oundry and Con- 
struction Co., 76 
lain cast iron jyipo, 16 
ian of gas piping, 260 
iugs, 47 
iug valves, 116 
•ohle, E. S., 244 
*ope, Henry G., 299 
^)p safety valves, 132; installation 
of, 134 

Vittery tubes, 1 
^>wer plant pii^ing, 330 
*ower plant piping drawings, 351 
^reference heater, 199 
Pressures, bursting, 1<S 
*ump, and receiver, HiS; and surface 
condenser, 179; discharge piping, 
231; governors, 128; suction pip- 
ing, 228; well, 231 


Pumping system, air lift, 244; well 
pipe sizes, 246 

Pumps, exhaust from, 173; gas prov- 
ing, 250; steam lines for, 154 
Purifier, feed water, 157; method of 
piping, 158 

Radiator connections, hot water, 208; 
steam, 203 

Radiators, pipe sizes, 204, 209, 212 
Reducing elbows, 58 
Reducing fittings, 54; Am. std., 67-69 
Reducing valves, 122; sizes of, 127 
Reference books, 347 
Relief valves, 132, 232 
Representation, conventional, 307; 

fittings, 310; apparatus, 311 
Return trap, 163; setting for, 167 
Richardson-Phenix Co., 263 
Riveted pipe, joints, 94; spiral, 22; 

straight, 27 
Roller support, 301 
Russell, James, 1 

Saddles, 283 

Safety valves, 132; hydraulic, 235; 
requirements, 134 

Schedule, standard piping, 330; gas 
piping, 257 

Schutte & Koerting Co., 185, 235 
Scott, J. B., 140 

Screwed fittings, 44; cast iron, SC- 
SI; malleable, 56, 57; reducing, 54; 
X cast steel, 57 
Screwed unions, 77, 78 
Sections, conventional, 314 
Separators, 161 
Service cock, 247 

Short bends and tees, British std., 74 
Side outlet elbows, 60 
Side outlet tees, 60 

Sizes of, gas engine pipes, 256; gas 
pipes, 247, 257 

Sizes of pipes. See Dimensions. 

Sizes of, safety valves, 135; steam 
pipes, 143; tile conduit, 300; 
water supply fittings, 233 
Sketching, 316 
Slip joint, 94 
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Special connections, 88. 

Special valves, 114 
Specifications, 329 
Spiral riveted pipe, 22-26 
Spring, L. W., 146 
Standard pipe threads, 35, 36 
Standard valves, 98 
Standard wrought pipe, dimensions 
of, 17; weight of, 17 
Steam cylinders, drips from, 167 
Steam gages, piping of, 160 
Steam heating, atmospheric system, 
216, 223; central station, 217; 
down flow system, 203; exhaust, 
211 ; mains and risers, 206; one pipe 
circuit system, 203; pipe sizes, 
203; two pipe system, 204; Web- 
ster vacuum system, 211-215 
Steam line, out door, 301 
Steam loop, 156 
Steam mains, underground, 218 
Steam pipe casing, 218 
Steam piping, 137; drawing, 309; 

specifications, 335, 341, 343, 345 
Steam power piping, direct system, 
138; dupHcate system, 142; header 
system, 137; ring system, 140 
Steam power plant piping drawings, 
351 

Steam, superheated, 146 
Steam traps, 163 

Steam turbine, and eductor con- 
denser, 187; and jet condenser, 
182; and surface condenser, 179 
Steam velocity, 142 
Steel pipe, manufacture of, 3; uses of, 2 
Step bearing piping, 340 
Stewart, Reid T., 18 
Stone <fe Webster Engineering Cor- 
poration, 352; standard specifi- 
cations, 334 
Stove cock, 247 
Straight seam riveted pipe, 27 
Strength of, gate valves, 104; pipe, 
11; piping materials, 9 
Suction piping, 228; arrangement of, 
231 

Superheated steam, 146 


Supports, pipe, 273; for insulated 
pipe, 296; roller, 301; specifica- 
tions, 340; thin pipe, 284 
Surface condensers, 176; piping for, 
177 

Tanks, blow-off, 170, 171 
Tap drills diameter of, 36 
Taper of pipe threads, 35 
Taylor’s spiral riveted pipe, 25, 26 
Teague, W. E., 305 
Tees, 46; specification of, 47 
Testing gas pipes, 250 
Testing, specifications, 341 
Tests, cylinder, 13; pipe covering, 
290 

Thermometer well, 159; placing of, 
160 

Thickness of. Am. std. C. I. pipe, 
64, 65; wrought pipe, 17 
Thin pipe, supporting, 284 
Thoroughfare heater, 199 
Tile conduit, 299; sizes of, 300 
Transmission, compressed air, 238 
Tubes, bamboo, 1; brass and copper, 
285; boiler, 287; wrought iron, 
history of, 1 

Tubing, aluminum, 284; sizes, 2(S(); 
Twin elbows, 60 

Underdrainage, 220 
Underground piping, insulation of, 
297 

Underground steam mains, 218; in- 
stallation of, 221 

Unions, flanged, 79; hydraulic. 

flanged, 234; screwed, 77, 78 
United Gas Improvement Co., 254 
U. S. Navy, Bureau of 8t(;am Engi- 
neering, casting alloys, 9 
Universal C. L joint, 96 

Vacuum exhaust pipes, 175 

Valve seats, 99 

Valves (see type wanted) 

Valves, care of, 272; hydraulic, 235; 
location of, 113; operation of, 112; 
standard, 98; special, 114 
Vibration, 273 
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Walinaiico flanges, 85 
Walworth Mfg. Co., 50, 54, 57, 71, 
82, 100, 115, 341, 351 
Warren Webster & Co., 212 
Water, equivalent pressures and 
heads, 227; flow in pipes, 227; 
chart, 229 

Water column piping, 159 
Water piping, 226; coverings for, 295; 
interior, 233; specifications, 336, 
338, 343 

Water stand pipe, insulation for, 304 
Watson-Stillman Co., 146, 234 
Webster heaters, piping for, 195 
Wehrle, George, 248 
Weight of, brass pipe, 29; copper 
pipe, 29; hub and spigot pipe, 16; 
lead pipe, 31; 0. D. wrought pip.e, 
19; plain cast iron pipe, 16; spiral 
riveted pipe, 22-26; straight riv- 
eted pipe, 27 
Welded joints, 76 


Welding rolls, 5 
Whitworth pipe threads, 41 
Woifang, W. H., 299 
Wood, Albert C., 303 
Wood casing, 297 
Wooden stave xhpc, 33 
Wood pipe, 1 

Wrought pipe, bursting pressures of, 
IS; dimensions of, 17; history, 1; 
lengths of, 18; tests of, 20; uses 
of, 2; weight of, 17; weight of 
O. D., 19; X, dimensions of, 18; 
X, weight of, 18; XX, dimensions 
of, 19; XX, weight of, 19 
Wyckoff, A. & Son Co., 297 

X wrought pipe. See. Extra strong 
wrought pipe. 

XX wrought pipe. See Double extra 
strong wrought pipe. 


Yarnell- Waring Co., 115 


